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SPECIAL  PHYSIOLOGY. 


THE  VEGETATIVE  FUNCTIONS. 

The  functions  to  be  considered  under  this  head,  are  the 
nutritive  and  reproductive  functions.  The  former  include 
digestion,  absorption,  chylification,  circulation,  nutrition,  re- 
paration, sanguification,  secretion,  excretion,  and  respiration, 
together  with  the  production  of  animal  heat,  muscular  force, 
light,  and  electricity. 


DIGESTION. 

Amongst  other  phenomena  produced  by  the  waste  of  the 
solid  constituents  of  the  body,  and  the  loss  of  the  fluid,  or  watery, 
part  of  the  tissues,  are  the  special  sensations  of  hunger  and 
thirst,  which  have  their  seat,  like  other  sensations,  in  the 
nervous  system,  and  the  phenomena  of  which  have  been  already 
explained  (vol.  i.  p.  443).  These  sensations  of  appetite,  excite 
the  desire  to  take  food ; and  by  the  process  of  digestion,  the 
food,  thus  taken,  is  prepared  for  absorption,  and  conversion 
into  blood.  The  term  food  includes  all  substances,  received 
into  the  alimentary  canal,  and  used  for  the  support  of  life,  either 
by  supplying  the  waste  constantly  occurring  in  the  living 
animal  tissues,  or  by  affording  materials  for  the  maintenance 
of  the  temperature  of  the  body.  Food,  therefore,  contains 
substances  which  have  a certain  chemical  relation  to  the 
tissues  which  it  supports.  These  tissues,  besides  containing 
water  and  saline  substances,  are  composed  of  proximate  or- 
ganic principles,  having  a highly  complex  chemical  constitu- 
tion (vol.  i.  pp.  96  to  99).  Food  also  consists,  more  or  less,  of 
substances  having  already  the  same,  or  a similar,  chemical 
composition ; for  the  animal  body,  so  far  as  is  known,  has  no 
power  of  forming  such  proximate  organic  compounds  out  of 
VOL.  II.  B 
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their  component  elements,  or  from  the  simpler  combinations 
of  these. 

Animals,  indeed,  are  either  carnivorous  or  herbivorous. 
The  carnivorous,  or  flesh-devouring  species,  obviously  live 
upon  food  possessing  the  same  chemical  composition  as  the 
fluids  and  tissues  of  their  own  bodies ; and  as  regards  the 
herbivorous,  or  vegetable-feeding  animals,  their  food  also  con- 
tains proximate  principles,  closely  resembling  those  which 
exi.st  in  the  animal  body.  Whatever  the  nature  or  source  of 
the  food  of  Animals,  its  proximate  principles  are,  therefore, 
chemically  similar  ; and  it  is  to  the  Vegetable  Kingdom,  that 
we  must  attribute  the  power  of  chemically  combining,  rmder 
the  agency  of  solar  light  and  heat,  the  elements  derived  from  the 
simpler  combinations  of  inorganic  nature,  into  those  complex 
organic  proximate  principles  wdiich,  thus  elaborated  in  the 
living  tissues  of  vegetables,  constitute  the  nutriment  of  Animals. 
Hence,  the  Vegetable  Kingdom  derives  its  nourishment  from, 
and  depends  upon,  the  Mineral  Kingdom ; the  Animal  Kingdom 
derives  its  nourishment  from,  and  depends  upon,  the  Vegetable 
Kingdom  ; whilst  the  decaying  portions  of  the  Vegetable  King- 
dom which  are  unconsumed  by  animals,  and  the  particles  of 
the  bodies  of  animals  which  undergo  change  during  life,  or 
decomposition  after  death,  revert  to  the  simpler  chemical  com- 
pounds of  inorganic  nature,  wdiich,  again,  under  the  influence 
of  the  vito-chemical  forces  of  the  plant,  are  reintroduced  into 
the  stream  of  organic  existence. 

Sources,  Varieties,  and  Nature  of  Human  Food. 

The  food  of  Man  may  be  either  solid  or  fluid.  If  solid, 
it  may  be  hard,  so  as  to  require  to  be  broken  by  ma.stication. 
or  soft,  so  as  merely  to  need  subdivision,  before  it  is  swallowed. 
Again,  food  may  be  derived  from  the  inorganic  or  from  the 
organic  world ; or  it  may  be  classified  according  to  its  source, 
whether  this  be  mineral,  vegetable,  or  animal.  Thus,  the 
alkaline  and  earthy  salts,  the  traces  of  iron,  sulphur,  and 
phosphorus,  and  the  large  quantity  of  water,  are  derived  from 
the  mineral  kingdom.  Vegetable  food  includes  the  roots,  stems, 
leaves,  fruits,  and  seeds  of  plants;  also  certain  products  of 
vinous  decomposition,  as  the  various  alcohoh'c  beverages, 
and  lastly,  condiments,  vegetable  acids,  and  vinegar  or  the 
product  of  the  acetous  fermentation.  Animal  food  consists 
of  all  the  digestible  parts  of  animals,  in  which  is  comprised 
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nearly  every  tissue,  with  the  exception  of  the  horny  textures 
and  the  hair,  even  the  bones  yielding  nutriment  on  being 
boiled.  Besides  this,  eggs  and  roe,  milk,  butter,  butter-milk, 
curd,  cheese,  and  whey,  are  comprehended  in  this  category. 

The  chemical  constitution  of  food,  however,  is  the  point  to 
which  the  greatest  significance  is  to  be  attached  ; and  the 
most  useful  classifications  are  founded  on  a consideration  of  the 
different  nutrient  proximate  chemical  principles  which  it 
contains.  Tims  regarded,  the  multitudinous  articles  of  diet 
consumed  by  man,  under  his  extremely  varied  conditions  of 
life,  dependent  on  climate,  social  condition,  national  custom, 
or  individual  habit,  consist  of  a comparatively  small  number 
of  proximal  e chemical  constituents.  The  importance  of  these 
chemical  distinctions  of  the  food,  was  clearly  indicated  by 
Front,  and  has  been  since  established  by  the  researches  of 
Liebig,  and  many  other  chemists.  Front  divided  all  nutrient 
substances  into  alhuminous  bodies,  such  as  the  albumen,  fibrin, 
and  casein  of  animals,  and  the  gluten  and  legumin  of  plants  ; 
oleaginous  substances,  including  the  animal  and  vegetable  fats 
and  oils;  and  sacc/tanree  matters,  comprising  the  various  kinds 
of  sugar.  According  to  him,  the  typical  form  of  animal  food, 
is  that  supplied,  by  nature,  to  the  young  of  mammiferous 
animals  and  man,  viz.  milk,  in  which  fluid,  casein  represents 
the  albuminous  kind  of  nutritive  substances;  butter,  the 
oleaginous  kind ; and  sugar  of  milk,  the  saccharine  kind. 
Be.sides  these,  milk  also  supplies  water,  and  the  mineral  matters 
essential  to  the  formation  of  the  tissues. 

A more  exhaustive  classification  of  the  nutritive  substances 
contained  in  food,  is  that  which  follows  : — 

1.  A/iimmohi  substances.  From  the  animal  kingdom, 
men,  whether  derived  from  the  white  of  eggs,from  blood,  or  from 
the  muscular  or  nervous  tissues ; syntonin,  or  the  fibrinous  ele- 
ment of  muscle,  some  of  which  is  contained  in  the  expressed 
juice  of  meat ; globulin,  cruorin,  and  fibrin,  from  the  blood ; 
casein,  derived  from  milk  ; and  the  vitellin  of  the  yolk  of  eggs. 
The  substance  of  the  liver,  pancreas,  kidneys,  and  other  glands, 
is  also,  in  great  part,  albuminoid,  mixed,  however,  especially 
in  the  first  organ,  with  fat.  The  brain  substance  is  also  highly 
nutritive,  containing  both  albuminoid  and  fatty  matter.  In 
this  group,  must  be  included,  not  only  cruorin,  or  the  colour- 
ing matter  of  the  blood,  but  also  niyochrome,  or  that  of  muscle, 
both  of  which  have  an  extraordinary  affinity  for  oxygen.  From 
the  vegetable  kingdom,  are  obtained  the  albuminoid  substance 
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gluten,  sometimes  called  vegetable  albumen,  ■which  is  chiefly 
obtained  from  the  seeds  of  the  various  kinds  of  com,  and  other 
grasses ; also  leguniin,  which  has  been  compared  to  animal 
casein,  and  exists  in  large  quantity  in  the  seeds  of  peas,  beans, 
lentils,  and  other  leguminous  plants.  Vegetable  albumen 
likewise  exists,  in  small  quantity,  in  the  growing  or  soft  tissues 
of  the  various  succulent  edible  parts  of  vegetables  and  fruit, 
such  as  the  cabbage,  cauliflower,  turnip,  apple,  pear,  and  orange. 

2.  Gelatinoid  sub.stances.  These,  which  are  derived  solelv 
from  the  animal  kingdom,  include  jelbj  of  various  kinds,  ob- 
tained from  the  gelatin-yielding  tissues  of  animals,  such  as 
isinglass,  which  is  the  dried  sound,  or  air-bladder,  of  the 
sturgeon,  the  areolar  and  fibrous  tissues,  tendons,  and  bones  ; 
also  chondrin,  or  the  jelly  obtained  from  cartilages.  These 
several  tissues,  however,  are  not  supposed  to  contain  gelatin  or 
chondrin,  when  in  their  raw  or  uncooked  state.  Gelatinoid 
substances  are  present  in  broths,  jellies,  and  ivory  bone-dust. 
So  far  as  their  nutrient  qualities  are  concerned,  they  must  be 
distinguished  from  the  albuminoid  substances. 

3.  Oleaginous  substances.  These  comprehend  the  animal 
fats  and  oils,  stearin,  margarin,  pahnitin,  and  olein,  the  fattv 
matters  of  the  bile  and  of  the  brain,  and  those  of  the  yolk  of 
eggs  ; and  also  the  fatty  acids  of  butter,  the  butyric,  capric,  and 
caproic.  To  these  must  be  added,"  the  vegetable  oils,  whether 
solid  or  fluid,  such  as  cocoa-nut  oil,  olive  oil,  and  almond  oil. 

4.  Amylaceous  or  starchy,  gummy,  and  saccharine  substances. 
These  comprehend  the  different  varieties  of  starch,  such  as 
potato  starch,  arrow-root,  sago,  tapioca,  rice,  and  the  starchy 
portion  of  wheat  and  other  grain.  The  gummy  substances 
include,  besides  all  the  natural  gurus  and  mucilages  of  fruits  and 
vegetables,  the  substance  named  dextrin,  which  results  from  the 
transformation  of  starch,  cellulose  or  lignin,  and  also  pectin,  a 
constituent  of  succulent  vegetables.  The  sugars  are  the  com- 
mon, or  cane  sugar,  and  grape  sugar,  derived,  as  such,  from 
vegetables,  or  produced  by  the  transformation  of  starchy  or 
gummy  substances.  There  are  also  the  sugar  of  honey,  which 
is  an  animal  preparation  ; the  glycogen,  or  animal  starch,  often 
present  in  flesh,  but  chiefly  found  in  the  substance  of  the  liver  ; 
inosite,  or  sugar  of  muscle;  and  lastly,  the  sugar  of  milk. 
lactose,  or  lactin,  which,  though  usually  formed  in  the  animal 
economy,  can  also  be  artificially  made,  by  acting  upon  starch 
with  certain  acids,  at  a high  temperature. 

5.  Stimulating  substances.  These  consist  of  three  classes  : 
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viz.  first,  the  various  kinds  of  spices  or  condiments,  the  active 
properties  of  wliich  depend  usually  upon  volatile  or  essential 
oils ; secondly,  the  parts  of  vegetables,  whether  the  leaves  or 
berries,  which  contain  the  alkaloids,  thein,  caffein,  or  theobro- 
min,  which  are  found  in  tea,  coffee,  cocoa,  and  the  Paraguay 
tea.  With  these  should  probably  be  associated,  the  substances 
named  extractives,  viz.  cerehric  acid,  which  exists  in  nervous 
substance,  and  also  in  corn,  especially  in  Indian  corn ; creatirc 
and  creatinin,  which  are  found  in  the  juice  of  meat,  in  the 
brain,  and  in  the  blood,  the  former  being  converted  in  the 
system  into  the  latter;  both  of  these  act  either  as  stimu- 
lants, or  by  retarding  chemical  change  and  loss  in  the  albu- 
minoid tissues.  The  thein  and  allied  bodies  certainly  stimu- 
late the  heart,  muscles,  and  nervous  system.  Thirdly,  there 
are  the  various  alcoholic  beverages  made  by  the  fermentation 
of  saccharine  substances,  such  as  mead,  beer,  cider,  wine,  and 
the  stronger  alcoholic  fluids  or  spirits  distilled  from  various 
fermenting  saccharine  vegetable  juices.  These  substances  are 
probably  not  immediately  nutritive,  or  able  to  supply  the 
waste  of  material,  but  appear  rather  to  act  as  stimuli  to  the 
nervous  system,  and  also  by  preventing  waste.  To  these  may 
be  added,  the  several  ethers  formed  in  ripe  fruits,  and  in  wines, 
from  the  action  of  the  organic  vegetable  acids  on  alcohol.  This 
class  may  also  include  certain  organic  vegetable  acids,  such  as 
the  acetic  acid  of  vinegar,  the  tartaric,  malic,  racemic,  oxalic, 
and  citric,  derived  respectively,  from  grapes  or  raisins,  apples, 
gooseberries,  the  esculent  rhubarb,  and  the  lemon,  lime,  and 
orange  ; and  lastly,  the  lactic  acid  existing  in  sauer-kraut,  and 
in  fermented  cucumbers  or  beans,  all  of  which  are  lavourite 
articles  of  diet  with  some  nations.  The  prevalence  of  the  desire 
for  acids  with  the  food,  is  remarkable.  Lactic  acid  also  e.xists 
in  sour  milk,  which  is  much  consumed,  and  in  the  juice  of 
meat,  together  with  paralactic  and  inosinic  acids. 

6.  Saline,  earthy,  and  mineral  substances.  These,  which 
are,  in  certain  proportions,  essential  articles  of  food,  soda  for 
the  blood,  potash  for  the  muscles,  and  lime  for  the  bones, 
consist  of  the  chlorides  of  sodium  and  potassium,  the  phos- 
phates of  soda,  potash,  and  of  magnesia,  perhaps  the  alka- 
line sulphates,  the  pho.sphate  and  carbonate  of  lime,  and 
oxide  of  iron.  Minute  traces  of  manganese  and  silica  are  also 
necessary,  the  latter  being  probably  combined  with  fluorine. 
Such  substances  as  alumina  and  copper,  are  probably  adventi- 
tious ingredients,  and  of  no  essential  importance  as  food. 
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7.  Water  is  tlie  most  abundant  constituent  of  the  animal 
body,  and  is  a most  essential  article  of  food.  From  the  many 
offices  which  it  performs,  dissolving  the  food,  rendering  it 
capable  of  absorption  and  entrance  into  the  circulation, 
facilitating  all  nutritive,  secretive,  and  excretive  processes, 
and  lastly,  maintaining  the  due  elasticity  and  flexibility  of  the 
tissues,  and  their  susceptibility  of  vito-chemical  changes, 
water  may  be  regarded  as  a common  vehicle,  in  which  all 
other  articles  of  diet  are  conveyed  into,  through,  and  from  the 
animal  economy. 

The  albuminoid  and  gelatinoid  nutrient  substances,  resemble 
each  other  very  closely  in  composition;  in  addition  to  car- 
bon, hydrogen,  oxj^gen,  and  sulphur,  they  contain  nitrogen,  and 
have  therefore  been  named,  nitrogenous  or  azotised  food  ; and. 
as  these  substances  are  especially  concerned  in  the  formation  of 
the  albuminoid  and  gelatin-jdelding  tissues  of  the  body,  which 
indeed  cannot  be  built  ttp  without  them,  they  have  been  desig- 
nated nutritive  or  plastic  food.  Moreover,  as  they  supply  the 
waste  which  takes  place  in  the  muscular  and  other  tissues,  they 
have  been  likewise  called  flesh- fanning,  tissue-fonning,  or 
histo- genetic,  food.  On  the  other  hand,  the  oleaginous  and 
saccharine  substances  are  composed  of  carbon,  hydrogen, 
and  oxygen  only,  and  are  therefore  named  non-nitrogenous 
or  non-azotised  food.  The  starchy,  saccharine,  and  allied  com- 
pounds, form  the  carbhydrates ; whilst  the  fatty  substances, 
still  richer  in  carbon,  are  named  hydrocarbons.  As  neither  of 
these  is  ever  supposed  to  be  convertible,  by  the  addition  of 
nitrogen,  into  nitrogenous,  plastic,  or  flesh-forming  food,  but 
rather,  owing  to  their  richness  in  carbon  and  hj'drogen,  and 
their  poverty  in  oxj’gen,  to  be  ultimatelv  used  for  the 
purposes  of  maintaining  the  animal  heat,  either  being  first 
stored  up  in  the  body  as  fat,  or  being  at  once  oxygenated 
through  the  respiratory  process,  they  have  been  classed  to- 
gether under  the  appellation  of  respiratory,  calonflc,  or  heat- 
forming, food. 

These  distinctions,  which  have  been  chiefly  explained  and 
advocated  by  Liebig,  undoubtedly  represent  a general  truth ; 
but  they  must  be  accepted  with  certain  qualifications.  In  the 
first  place,  albuminoid  substances  may,  it  would  seem,  undergo 
metamorphosis,  in  the  living  body,  into  fatty  or  even  starch- 
like substances,  and  so  may  nourish  non-nitrogenotis,  as  well 
as  fleshy  or  nitrogenous,  tissues.  Moreover,  the  nitrogenous 
tissues  of  the  living  body,  especially  those  of  the  muscles  and 
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brain,  themselves  undergo  a most  active  waste,  i.e.  a chemical 
decomposition,  of  which  the  essential  feature  is  oxidation ; 
so  that,  to  a certain  extent,  they  too,  in  being  decomposed,  must 
contribute  to  the  evolution  of  heat,  subserve  the  respiratory 
process,  and  so  far  act  as  respiratory  food. 

Again,  chemical  analysis  shows,  that  in  the  brain  especially, 
but  also  in  muscular  tissue,  fatty  matter  is  an  important 
constituent,  essential,  indeed,  to  the  composition  of  those 
tissues;  moreover,  starchy  and  saccharine  matters  exist  in 
certain  organs,  and  are  convertible,  in  the  living  economy,  into 
fat ; hence  the  non-nitrogenous,  oleaginous,  and  saccharine 
substances  must,  also,  be  regarded  as  nutritive  or  plastic  food. 
Even  in  young  growing  animal  cells,  liitty  matter  appears  to  be 
an  essential  element.  Again,  as  regards  gelatin,  and  the 
gelatin-yielding  tissues,  which,  though  they  contain  nitrogen, 
have  a lower  chemical  constitution  than  the  albuminoid  sub- 
stances, it  is  not  certain  that  they  are  convertible  into,  or 
capable  of  being  made  use  of  as,  nutriment  for  the  living 
tissues.  It  is  now  generally  denied  that  they  can  be  so 
converted  into,  or  assimilated  by,  tissues  which,  like  muscle 
and  nerve,  contain  s}mtonin  and  albumen ; it  is  even  doubted 
whether  they  can  be  directly  assimilated  as  nutriment,  even  by 
the  living  gelatin-yielding  tissues  themselves,  which,  of  course, 
have  an  identical  chemical  composition.  Such  substances  may, 
therefore,  possess  very  limited  or  no  nutritive  or  plastic 
qualities ; and  may  merely  be  oxidised  in  the  system,  like 
the  non-nitrogenous,  respiratory  food.  The  precise  destination 
of  the  several  elements  of  food  is,  however,  not  completely 
understood ; but  neither  of  the  two  kinds  of  food,  the  nitro- 
genous, or  the  non-nitrogenous,  is  alone  adequate  to  support 
animal  or  human  life ; for  perfect  nutrition,  the  two  must  be 
taken  together  in  certain  proportions. 

The  chemical  composition  of  most  of  the  nitrogenous  and 
non-nitrogenous  proximate  constituents  of  animal  substances 
used  as  food,  is  given  in  the  tables  at  pages  96  and  98,  vol.  i. 
The  closely  similar  composition  of  the  nitrogenous  and  non- 
nitrogenous  proximate  constituents  of  vegetable  substances 
used  as  food,  is  illustrated  in  the  annexed  table  (p.  8). 

Prehension  and  Preparation  of  Food. 

In  the  lower  animals,  the  important  act  of  the  prehension 
of  food,  is  provided  for,  in  every  case,  with  the  most  admir- 
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Analysis  of  Vegetable  Troxirmte  Constituents. 
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tain  mostly  Potash,  and  I 
Marine  Plants  mostly  Soda. 

able  perfection  of  contriyance.  In  Sian,  however,  the  ami 
and  hand  are  so  wonderihlly  organised  for  other,  and  higher, 
purposes  (vol  i.  p.  239),  that  their  prehensile  action,  in  the 
gathering,  or  preparation,  of  food,  and  its  conveyance  to  the 
mouth,  are,  though  essential,  only  subordinate  offices  of  the 
upper  limb.  The  lips  and  tongue,  which,  in  the  Mammalia, 
are  devoted,  mainly  at  least,  to  the  taking  of  food,  are  in  Man 
also  so  employed  ; but  higher  services  are  demanded  of  these 
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parts,  and  we  are  accustomed  to  associate  their  mechanism  more 
especially  with  the  faculty  of  speech.  Lastly,  the  jaws  and 
teeth,  although,  in  animals,  they  frequently  constitute  the 
most  important,  and,  in  the  case  of  the  lower  Vertebrata,  the 
sole  organs  of  prehension,  can  hardly  be  said  to  fulfil,  in  Man, 
in  addition  to  their  proper  office  of  mastication,  a prehensile 
office  in  reference  to  the  food. 

As  regards  the  prehension  of  food,  Man  appears,  indeed, 
almost  at  a mechanical  disadvantage,  in  comparison  with  the 
animals  beneath  him,  so  far,  at  least,  as  concerns  any  special 
adaptation  of  the  parts  of  the  organism,  employed  for  that 
purpose  in  animals.  Nevertheless,  he  accomplishes  this  act 
with  facility. 

In  the  choice  and  selection  of  food,  Man,  guided  by  his 
intelligence,  possesses  enormous  advantages  over  the  lower 
animals.  He  ranges  through  the  whole  domain  of  the  organic 
kingdom,  and  by  the  arts  of  acclimatisation,  breeding,  cultiva- 
tion, and  agriculture,  has  improved  many  species,  both  animal 
and  vegetable,  which,  in  their  wild,  and  uncultivated  condi- 
tion, are  much  inferior  as  sources  of  food.  The  improvement 
of  the  cereal,  or  corn  plants,  of  vegetables  and  fruits,  and  of 
the  ox,  sheep,  and  pig,  and  also  the  acclimatisation  of  many 
gallinaceous  birds,  and  the  more  recent  resrdts  of  piscicrdture, 
and  of  attempts  to  breed  the  oyster,  afford  proofs  of  this 
statement. 

The  use  of  fire  for  the  preparation  of  food,  is,  like  the 
employment  of  fire  in  general,  peculiar  to  Man,  who  has, 
indeed,  been  designated  a “ cooking  animal.”  The  direct 
application  of  fire  heat  to  food,  develops  peculiar  empyreu- 
matic  flavors  and  odours,  in  the  cooked  substance,  whether 
this  be  animal  or  vegetable ; but  the  more  important  action 
of  heat,  whether  applied  directly,  as  in  roasting  or  baking,  or 
indirectly,  through  the  agency  of  water,  as  in  boiling,  is  to 
change  the  molar  and  molecular  condition  of  the  cooked  sub- 
stances. Thus,  the  albuminoid  bodies  are  more  or  less  coagu- 
lated ; the  gelatin-yielding  tissues  become  swollen  and  partially 
gelatinised ; fat-cells  are  ruptured,  and  fats  are  rendered  more 
fluid  ; the  various  kinds  of  starch  have  their  granules  pulpi- 
fied,  and  the  cellulose  and  lignin  of  vegetable  tissue,  are 
broken  up,  so  as  to  liberate  the  contents  of  the  cells.  The 
general  result  of  cooking,  is  to  disintegrate,  and  separate  the 
animal  tissues  into  minuter  portions,  and  to  destroy  the  con- 
tinmty  of  vegetable  textures.  Cooking,  therefore,  produces 
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hoth  physical  and  chemical  changes  in  the  food,  the  tendency 
of  which  is  to  facilitate  mastication,  and  the  subsequent  action 
of  the  digestive  fluids,  thus  rendering  them  softer  and  more 
digestible. 

Man  also  has  discovered  and  employed  as  drinks,  numerous 
beverages,  obtained  from  the  natural  products  of  nearly  every 
climate,  by  the  spontaneous,  or  the  induced,  alcoholic  fer- 
mentation of  saccharine  matter,  whether  this  saccharine 
matter  exist  ready  formed,  as  in  the  juice  of  the  grape,  or 
other  fruits,  or  whether  it  be  artificially  generated  by  the 
transformation  of  starch  into  sugar,  as  happens  when  barley  is 
manufactured  into  malt.  Besides  consuming  the  immediate 
products  of  fennentation,  in  the  shape  of  wine,  beer,  and  other 
fermented  liquors,  distillation  is  had  recourse  to  by  Man,  in 
order  to  procure,  in  a more  concentrated  state,  the  spirit,  or 
alcohol,  generated  in  that  fermentation.  Man,  therefore,  not 
only  employs  the  art  of  cooking,  but  also  the  chemical  processes 
of  fermentation  and  distillation,  in  the  preparation  of  food, 
using  this  term  in  its  widest  sense.  The  precise  destination 
of  alcohol  in  the  system  will  be  hereafter  discussed. 

Other  beverages  are  made  by  simple  infusion  or  decoction, 
so  as  to  dissolve  out  certain  nutrient  or  stimulating  substances, 
as  from  tea,  roasted  coffee,  cocoa,  and  other  vegetable  products. 
Sugar  is  used  in  solution,  in  the  sweetening  or  preservation 
of  fruits,  in  cookery,  and  in  preparing  various  articles  of  con- 
fectionery; it  is  a highly  important  and  useful  form  of  food. 
Common  salt,  being  contained  in  the  blood  and  tissue.s,  is  an 
essential  article  of  food.  Its  use  as  a condiment,  and  also  as  a 
preservative,  especially  of  animal  substances  employed  as  food, 
is  very  old  and  general.  All  animals  are  fond  of  sidt.  Its 
injurious  influence  on  the  qualitv  of  the  food  preserved  in  it, 
has  long  been  recognised,  the  continued  use  of  such  food,  in 
the  form  of  salted  provisions,  favouring  the  production  of 
scorbutus  or  scurvy.  Salt  hardens  the  muscular  and  other 
tissues  preserved  in  it,  by  abstracting  water  from  them  ; 
with  this  water,  which  appears  in  the  brine,  the  soluble 
potash  and  magnesia  salts,  as  well  as  the  creatin  and  other  ex- 
tractives, are  likewise  abstracted  from  the  meat,  and  pass  into 
the  preservative  liquor,  thus  leaving  the  meat  de.stitute  of 
many  alimentary  principles  essential  to  health.  Indirectly,  this 
may  be  the  cause  of  scurvy  ; or  that  disease  may  partly  de- 
pend on  the  direct  action  of  the  common  salt  taken  in  excess. 

The  employment  of  vinegar  as  a condiment,  and  the  use  of 
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vegetable  acids,  those  universally  favourite  articles  of  diet, 
aid  in  the  solution  of  nitrogenous  food,  and  possibly  of  the  lime 
salts,  but  they  can  scarcely  be  regarded  as  possessing  positive 
nutrient  properties.  Other  condiments,  and  spices,  serve  to 
stimulate  the  secretion  of  the  digestive  fluids,  and  excite  the 
movements  of  the  alimentary  canal. 

In  the  artificial  preparation  of  food,  so  as  to  render  it 
soluble,  or  more  easy  of  solution,  we  assist  the  digestive 
function  itself,  which,  in  adapting  nutrient  substances,  by  a 
series  of  processes,  for  absorption  into  the  tissues  of  the  body, 
has,  for  its  immediate  aim,  the  minute  subdivision  and  the 
solution  of  these  substances. 

The  process  of  digestion,  accordingly,  includes  certain 
mechanical  and  chemical  acts.  The  former  have  for  their 
object,  to  triturate  and  comminute  the  food,  to  mix  it  with 
fluids  and  with  the  various  secretions  in  the  alimentary  canal, 
to  move  it  within  and  onwards  through  the  several  portions 
of  that  canal,  and  lastly,  to  expel  from  the  body  the  un- 
absorbed residue.  The  latter  are  accomplished  by  the  aid  of 
the  various  digestive  fluids  poured  into  the  alimentary  canal. 
Considered  in  the  order  in  which  they  take  place  within  the 
body,  the  several  processes  necessary  to  digestion,  are  mastica- 
tion, or  the  chewing  of  the  food,  and  insalivation,  or  the 
mixing  it  with  saliva,  which  occur  simultaneously  in  the 
mouth ; deglutition,  or  swallowing,  in  which  the  food  is  con- 
veyed through  the  pharynx  and  (esophagus,  into  the  stomach  ; 
gastric  digestion,  which  takes  place  in  the  stomach,  by  aid  of 
the  gastric  juice,  also  called  chymificalion,  and  sometimes, 
though  erroneously,  digestion  proper,  for  further  true  diges- 
tive processes  occur  in  the  intestine ; and,  lastly,  intestinal 
digestion  itself,  accomplished  by  aid  of  the  bile,  pancreatic 
juice,  and  intestinal  juice,  immediately  preparatory  to  the 
proper  act  of  absorption  of  the  digested  materials,  by  the 
lacteals,  in  which  they  appear  as  chyle.  Absorption  of  certain 
constituents  of  the  food,  however,  likewise  occurs,  more  or  less, 
through  the  capillaries  of  every  part  of  the  alimentarv  canal. 
The  residue  of  the  food,  or  ingesta,  together  with  the  un- 
absorbed secretions,  form  the  egesta,  the  expulsion  of  which, 
con.stitutes  the  function  of  defecation. 

The  mechanical  and  chemical  processes  of  digestion,  require 
separate,  and  lengthened,  consideration. 
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MECHANICAL  PUOCESSES  OF  DIGESTION. 

Mastication  and  Insalivation. 

The  parts  concerned  in  mastication,  are  the  teeth  and.  jaws, 
the  muscles  which  move  the  lower  jaw  upon  the  upper  one, 
tlie  muscles  of  the  cheeks,  the  lips,  the  tongue,  and  palate. 

The  teeth  in  Man,  as  in  all  Mammalia,  are  developed  in  two 
sets ; a first,  less  numerous,  and  smaller  set,  known  as  the  milk, 
temporary,  or  deciduous  teeth,  and  a second  set,  larger  and  more 
numerous,  called  the  permanent  teeth. 

The  milk  teeth  are  twenty  in  number,  ten  in  each  jaw.  The 
five  teeth,  in  either  half  of  each  jaw,  commencing  at  the  middle 
line,  consist  of  two  so-called  incisor  teeth,  one  canine,  and  two 
molar  teeth.  The  formula  of  these  teeth  is  thus  written, — 

M2  Cl  14  Cl  M2 
M2  Cl  14  Cl  M2‘ 

When  these  teeth  are  shed,  they  are  succeeded,  at  intervals, 
by  the  permanent  teeth,  which  are  thirty-two  in  number, 
.sixteen  in  each  jaw,  eight  in  either  half  of  each  jaw ; viz. 


Fig.  84. 


Piff.  84.  Human  teeth,  i,  lower  lateral  incisor,  seen  from  behind,  c,  lower 
canine,  seen  from  within,  b.  second  upper  bicuspid,  seen  sideways,  m, 
second  lower  molar,  seen  from  without,  i',  section  of  an  incisor  tooth, 
showing:  the  pulp  cavity,  extending  from  the  point  of  the  fang,  the  den- 
tine, or  tooth  substance,  the  enamel  on  the  crown,  and  the  layer  of 
cement  on  the  fang,  m’,  section  of  a molar  tooth,  showing  the  same 
))arts,  and  the  pulp  cavity  extending  into  each  fang.  (Blake.) 

commencing  at  the  middle  line,  two  incisors,  one  canine,  two 
bicuspids,  and  three  molars.  The  formula  of  these  teeth  is 
therefore, — 

M3  B2  Cl  14  Cl  B2  M3 
M3“'B2~1Ti”I4  Cl  B2  M3' 
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Bach  tooth,  fiq.  84,  i to  m,  consists  of  an  exposed  part,  called 
the  crown  or  body,  and  of  a part  buried  in  the  gum  and  jaw, 
named  the  root  or  fang ; at  the  junction  of  the  crown  and  fang, 
is  the  slightly  constricted  cervix  or  neck.  The  several  kinds 
of  teeth  differ  in  the  form  of  their  crowns,  and  in  the  number 
of  their  fangs ; hence  their  different  designations.  The  incisor 
teeth,  i,  have  wide,  thin,  crowns,  slightly  convex  in  front,  and 
smooth  or  marked  with  longitudinal  furrows,  but  somewhat 
concave,  or  bevelled  off,  on  their  hinder  surface ; their  edges, 
which,  at  first,  present  three  small  prominent  points,  are,  when 
worn,  long,  narrow,  and  chisel-shaped,  being  well  adapted  for 
cutting  purposes  ; hence  their  name.  The  fang  is  long,  single, 
and  somewhat  compressed  from  side  to  side.  In  the  temporary 
teeth,  but  much  more  markedly  in  the  permanent  set,  the 
upper  incisors  are  larger,  and  occupy  more  space  transversely, 
than  the  lower  ones ; in  the  upper  jaw,  the  middle  incisors  are 
larger  than  the  lateral  ones  ; in  the  lower  jaw,  the  reverse  is 
the  case.  The  canine  teeth,  c,  larger  and  thicker  than  the 
incisors,  are  distinguished  by  the  pointed  character  of  their 
crowns,  which  are  very  convex  in  front,  and  a little  hollowed 
behind,  and  also  by  the  great  size  and  length  of  their  single 
fang,  which  presents,  on  its  sides,  a slight  longitudinal  furrow. 
The  upper  canines,  popularly  called  the  eye-teeth,  are  larger 
and  longer  than  the  lower  ones,  and  on  their  posterior  surface, 
close  to  the  gum,  is  found  a minute  tubercle.  The  groove  on 
the  fang,  and  this  posterior  tubercle,  foreshadow  the  subdivided 
fang  and  double  crown  of  the  bicuspid  teeth.  The  canine 
teeth  are  so  named  from  their  large  size  in  the  dog,  though 
they  are  still  larger  in  the  great  feline  animals ; in  Man, 
they  are  more  uniform  in  size  with  the  neighbouring  teeth, 
than  in  the  larger  Quadrumana  and  Carnivora.  From  their 
single  point  or  cusp,  which  wears  down  with  use,  these  teeth 
are  sometimes  called  the  cuspidate  teeth.  The  bicuspid  teeth, 
b,  sometimes  called  premolai's,  because  they  are  placed  before 
the  molars,  and  also  named  the  small  or  false  molars,  have  a 
double  crown  furnished  with  two  pointed  cusps  or  tubercles  ; 
viz.  an  outer  higher,  and  an  inner  lower,  one,  between  which 
is  an  irregular  depression.  The  summit  of  the  crown  is  quad- 
rangular, and  compressed  from  side  to  side,  contrasting  with 
the  pointed  canines,  and  chisel-shaped  incisors.  The  fang, 
in  the  lower  bicuspids,  is  deeply  grooved  on  each  side,  but  in 
the  upper  ones,  is  cleft  for  a certain  distance  at  the  point.  The 
molars  or  grinding  teeth,  m,  are  the  largest  of  the  entire  set ; 
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the  first  on  each  side  of  each  jaw,  are  the  largest,  and  the  third, 
or  last  molars,  which  are  also  named  the  wisdom  teeth 
( dentes  sapientiffi),  from  their  late  appearance,  are  the  smallest. 
They  have  a large,  nearly  cuboid  crown.  In  tiie  upper 
molars,  this  presents  four  cusps  or  tubercles,  placed  at  the 
angles  of  the  upper  surface,  and  separated  by  a crucial  de- 
pression ; the  first  and  second  of  these  teeth  have  the  internal 
anterior  tubercle  always  the  largest ; in  the  last  irpper  molars, 
the  two  internal  tubercles  are  blended.  The  crowns  of  the 
lower  molars  are  larger  than  those  of  the  upper,  and  are  dis- 
tinguished by  having  a fifth  small  cusp  or  tubercle  placed 
between  the  outer  and  inner  posterior  cusps,  rather  nearer  to 
the  former  than  to  the  latter ; this  fifth  cusp  is  best  marked  in 
the  last  lower  molar  tooth.  The  grinding  surface  of  the 
lower  molars  is  nearly  square ; that  of  the  upper,  rhom- 
boidal.  In  the  lower  jaw,  the  two  anterior  molars  have  two 
fangs,  but  these  are  broad,  grooved  on  their  surface,  and 
sometimes  subdivided  at  their  points.  In  the  upper  jaw,  the 
fangs  of  the  two  anterior  molars  are  three  in  number,  two 
outer  and  one  inner  fang,  the  latter  being  sometimes  grooved  or 
even  subdivided.  The  fangs  of  the  upper  molars  are  more 
divergent  than  those  of  the  lower  ones.  In  the  wisdom  teeth, 
or  last  molars  of  each  jaw,  the  fangs  are  generally  connate  or 
united  into  a mass,  showing  marks  of  subdivision  into  two 
fangs  in  the  lower  teeth,  and  three  in  the  upper. 

The  row  of  teeth,  in  each  jaw,  forms  what  is  called  the 
dental  arch.  In  Man,  it  presents  a broad,  even  curve,  the 
upper  dental  arch  being  larger  than  the  lower,  so  that  usually 
it  overlaps  the  latter  when  the  teeth  are  closed,  and  thus  saves 
the  edges  of  the  incisor  teeth  from  unnecessary  wear.  The 
upper  ifont  teeth  are  inclined  slightly  forwards,  and  the  back 
teeth,  outwards;  whilst  the  lower  front  teeth  are  vertical,  and 
the  lateral  teeth  directed  somewhat  inwards,  an  arrangement 
which  corresponds  with  the  greater  size,  and  the  overlapping 
of  the  upper  dental  arch.  In  Man,  the  entire  series  of  teeth 
are  characterised  by  being  uninterrupted  by  any  marked  in- 
terval, hiatus,  or  diastema,  and  by  their  nearly  even  height, 
which  however  diminishes  slightly  from  before  backwards. 
In  Mammiferous  animals,  the  teeth  are  either  of  unequal  height 
at  different  parts  of  the  jaw,  or  are  inteiTupted  by  larger  or 
smaller  intervals,  or  diastemata. 

The  temporary  teeth,  though  of  course,  in  each  case,  of 
smaller  size,  have  forms  like  those  of  the  permanent  teeth  of 
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the  same  name.  The  crowns  of  tlie  incisors  are  chisel-shaped, 
those  of  the  canines  pointed,  and  those  of  the  molars  square, 
and  provided  with  several  cusps.  The  first  upper  molar,  the 
largest  of  all,  has  three  cusps,  and  the  second  foitr ; the  first  lower 
molar  four,  and  the  second  five.  The  fiings  of  the  temporary 
incisors  and  canines,  are  single  ; those  of  the  lower  molars  are 
two  in  number ; those  of  the  upper,  three.  In  both  jaws,  they 
are  more  divergent  than  those  of  the  permanent  teeth. 

The  hard  mass  of  a tooth  is  hollowed  out,  so  as  to  form  a 
cavity,  called  the  pulp  cavity,  because,  during  life,  it  contains 
a soft  substance  named  the  pulp.  This  pulp  cavity,  fig.  84, 
i',  m! , varies  in  shape  with  that  of  the  tooth ; it  occupies  the 
base  of  the  crown,,  and  is  prolonged  down  each  fang,  in  the 
form  of  a small  canal,  which  opens  at  the  point.  The  pulp 
consists  of  areolar  tissue,  supplied  with  vessels  and  nerves, 
which  enter  at  the  minute  opening  at  the  point  of  the  fang  ; 
it  is  the  remains  of  the  vascidar  and  nervous  papilla,  upon 
which  the  tooth  is  originally  formed. 

The  hard  portion  of  the  tooth  surrounding  the  pulp,  is 
composed  of  three  substances;  viz.  the  tooth  substance,  ivory, 
or  dentine,  the  enamel,  and  the  crusta  petrosa,  or  cement  (see 
fig.  84). 

The  dentine  forms  the  greater  part  of  the  tooth,  imme- 
diately surrounds  the  pulp  cavity,  and  corresponds,  in  form, 
with  the  tooth  itself.  Its  hardness  is  owing  to  the  large 
quantity  of  earthy  matter  which  it  contains,  its  chemical 
composition  being  72  parts  of  earthy  to  28  of  animal  matter; 
whilst  ordinary  bone  shows  a proportion  of  66^  to  33^.  The 
earthy  salts  contain  66'7  of  phosphate  of  lime,  3'3  of  carbonate 
of  lime,  1’8  of  phosphate  of  magnesia  and  other  salts,  and 
some  traces  of  fluoride  of  calcium.  The  animal  substance  is 
converted  into  gelatin  on  being  boiled. 

The  dentine  consists  of  microscopic  tubes,  called  the  dental 
tubuli,  which  have  hard  walls,  and  are  embedded  in  an 
intermediate  hard  substance.  These  tubuli,  originally  de- 
scribed by  Leeuwenhoek,  commence  by  minute  orifices  on  the 
walls  of  the  pulp  cavity,  and  proceed  outwards  in  a slightly 
wavy  course,  close  together  ; they  soon  divide  dichotomously, 
and  reach  the  superficial  portion  of  the  dentine,  near  the  sur- 
face of  which  they  terminate  in  fine  branches,  in  loops,  or 
in  minute  dilatations  from  which  still  finer  branches  proceed, 
or  else  in  minute  dentinal  cells.  The  diameter  of  the  inner 
or  larger  ends  of  the  tubes,  is  about  the  45^0^^  of  an  inch  ; their 
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terminations  are  immeasurably  fine.  These  tubuli  might  be 
compared  to  extremely  minute  Haversian  canals,  their  finest 
terminal  ramifications  to  the  canaliculi,  and  the  minute  den- 
tinal cells  to  the  corpuscles  or  lacunte  of  bone  (vol.  i.  p.  47). 
The  dentine  is,  indeed,  regarded  as  modified  bone.  In  Man, 
the  dentinal  cells  are  few  in  number,  and  very  minute,  so  that 
their  similarity  to  the  lacunae  of  bone  is  not  so  striking  as  it 
is  in  the  teeth  of  the  horse  and  other  animals,  in  Avhich  they 
are  larger  and  more  numerous.  In  the  recent  state,  the  dental 
tubuli  are  occupied  by  minute  processes  of  the  tooth  pulp, 
which  serve  the  piirposes  of  nutrition,  and  perhaps  also 
impart  sensibility  to  the  dentine.  The  substance  of  the  walls 
of  the  tubuli,  is  comparatively  thick ; its  structure  is  not 
exactly  known.  The  intermediate  hard,  or  so-called  inter- 


Fig.  85.  Section  of  a portion  of  the  crown  of  a tooth,  magnified  about  sno 
diameters,  d,  the  enamel,  composed  of  wavy  fibres,  marked  with  faint 
cross  lines  ; the  surface  is  bounded  with  a tine  homogeneous  layer.  Be- 
neath the  enamel,  is  a portion  of  the  tooth  substance,  showing  the  ends 
of  the  tubercle  of  the  dentine,  and  certain  irregular  spaces  in  it. 
(After  Kblliker.) 

tubular  substance,  is  shghtly  granular,  and  contains  the 
greater  part  of  the  earthy  matter.  When  this  is  removed  by 
an  acid,  the  softened  animal  basis  is  said,  by  some,  to  consist  of 
fibres  running  parallel  with  the  tubes,  by  others,  of  minute 
corpuscles,  arranged  aroimd  the  tubes,  and,  according  to  ano- 
ther view,  of  fine  lamellte  disposed  concentrically  around  the 
pulp  cavity,  across  the  direction  of  the  tubules,  Avhich  are 
supposed  to  perforate  the  lamellae. 

The  enamel,  the  hardest  of  the  dental  substances,  and,  indeed, 
of  all  known  animal  textures,  is  the  dense  white  covering,  which 


Fig.  8-5. 
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protects  the  crowns  of  the  teeth  ; it  is  thickest  on  the  edges  of 
the  incisor  and  canine,  and  on  the  ci’own  of  the  molar  teeth, 
and  gradually  becomes  thinner  towards  the  neck,  where  it 
terminates.  It  contains  more  earthy  matter  than  any  other 
animal  tissue,  viz.  96'5  percent.,  of  which  89'8are  phosphate 
of  lime,  with  traces  of  fluoride  of  calcium,  4'4  carbonate  of  lime, 
and  1'3  phosphate  of  magnesia  and  other  salts.  The  animal 
matter  amounts  to  3’5  per  cent.,  the  analysis  showing  a loss  of 
1 per  cent.  (Bibra).  Berzelius  estimated  the  animal  matter  at 
the  remarkably  low  proportion  of  2 per  cent. 

The  enamel,  fig.  85,  rf,  is  composed  entirely  of  microscopic 
hexagonal  prismatic  fibres,  or  rods,  arranged  closely  together 
upon  the  dentine  ; they  are  fixed,  by  one  extremity,  to  nrimrte 
depressions  on  the  surface  of  the  dentine,  and,  following  a 
somewhat  wavy  course,  present,  at  their  outer  ends,  the 
appearance  of  a hexagonal  mosaic  pattern,  where  they  form 
the  free  surface  of  the  enamel.  On  the  crowns  of  the  teeth, 
the  enamel  fibres  are  vertical ; on  the  sides,  they  become  first 
oblique,  and  then  horizontal.  Their  diameter  is  g-jV-^th  of  an 
inch.  ISlear  the  surface  of  the  dentine,  minute  interstices  are 
found  between  the  enamel  fibres,  supposed  to  be  for  the  purpose 
of  nutritive  permeation.  In  the  growing  tooth,  by  the  action 
of  an  acid,  the  enamel  may  be  separated  into  its  microscopic 
elements,  viz.  into  delicate  prismatic  nucleated  cells,  the  walls 
of  which  coalesce,  and  which  form  moulds  for  the  deposit  of 
the  earthy  matter.  In  the  perfectly  developed  tooth,  the  thin 
parietes  of  the  cells  become  almost,  or  entirely,  absorbed,  and 
the  prismatic  earthy  casts  are  blended  together  as  the  enamel 
fibres.  On  treating  a growing  tooth  with  an  acid,  an  exceed- 
ingly delicate  membrane  or  cuticle  is  found,  covering  the  entire 
surface,  which  afterwards,  becoming  calcified  and  coherent 
with  the  ends  of  the  subjacent  fibres,  forms  an  impenetrable 
protective  covering  to  it. 

The  crusta  petrosa,  or  cement,  fig.  84,  i',  m' , is  a thin  layer 
of  true  bone,  wdiich  covers  the  fang,  being  thinnest  next  to 
the  enamel,  and  thickest  along  the  grooves  and  near  the 
point ; it  becomes  thicker  in  advanced  age,  and  sometimes 
fills  up  the  minute  opening  leading  into  the  pulp  cavity.  The 
crusta  petrosa  contains  lacunse  and  canaliculi ; the  latter,  in 
the  deep  layers,  sometimes  anastomose  with  the  terminations 
of  the  dental  tubuli ; in  its  thicker  portions,  it  contains  Haver- 
sian canals,  surroiinded  by  concentric  lamella;.  Its  outer 
surface  is  firmly  attached  to  a fibro- vascular  and  sensitive 
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membrane,  called  periodontal  niemhrane,  which  is  analogous 
to  a periosteum,  and  serves  to  fasten  the  teeth  in  the  alveoli  or 
sockets  of  the  jaw,  being  itself  united  to  the  periosteal  mem- 
brane which  lines  the  sockets. 

The  dentine  gives  strength  and  solidity  to  the  teeth,  but 
being  penetrated  by  processes  of  the  sensitive  pulp,  and 
doubtless  subject  to  nutritive  changes,  it  is  liable,  when 
exposed,  to  sutler  pain,  and  to  undergo  a process  of  decay 
resembling  caries,  which  may  even  be  repaired  by  an  exuda- 
tion of  dense  iiregular  dentinal  substance.  The  dentine, 
though  v'ery  hard,  would  not  bear  constant  attrition  ; hence 
that  singularly  hard  organised  product,  the  enamel,  is  provided 
as  a covering  to  the  exposed  parts  of  the  teeth.  This  enamel, 
however,  wears  down,  as  is  well  seen  in  the  incisor  teeth,  the 
primitively  sharp,  wavy,  ornotched  edge  of  which,  soon  becomes 
worn  to  an  even  chisel-like  border.  The  enamel  often  exhibits 
minute  fissures,  and  in  the  depressions  between  the  cusps  of  the 
molar  teeth,  deep  cracks,  which  are  the  usual  seats  of  com- 
mencing caries  in  the  subjacent  dentine.  As  life  advances,  the 
crusta  petrosa  often  forms  little  knobs  of  bone  upon  the  fangs 
of  the  teeth ; and  after  a certain  age,  a deposit,  partly  resem- 
bling dentine  and  partly  bone, named  osteo-dentine, or  secondanj 
dentine,  is  sometimes  slowly  formed  in  the  tooth  cavity,  whilst 
the  pulp  itself  necessarily  wastes.  This  deposit  is  produced  by 
a conversion  of  the  pulp,  and  serves  to  strengthen  and  solidify 
the  tooth,  as  its  crown  is  being  worn  away ; in  time,  how- 
ever, this  process  ends  by  cutting  off  the  vascular  supply  ot 
the  pulp,  and  leads  to  that  final  stage,  in  which  the  remaining 
parts  of  the  teeth  drop  out,  and  leave  the  edentulous  jaw  of 
old  age. 

The  teeth  of  Man,  and  of  the  Mammalia  generally,  are  not 
parts  of  the  endo-skeleton,  but  appendages  developed  in  the 
mucous  membrane  of  the  mouth,  which,  like  the  armoiu-- 
plates  of  the  armadillo,  the  bony  scales  of  the  crocodile,  and 
the  scales  and  spines  of  fishes,  all  appendages  of  the  skin, 
belong  to  the  exo-skeleton,  or  dermal  skeleton. 

The  mode  of  develoj^meut  of  the  teeth,  and  the  manner  in 
which  the  milk  teeth  are  shed,  and  the  permanent  teeth  are  cut. 
will  be  described  in  the  section  on  Development.  The  period 
of  the  cutting  or  eruption  of  the  temporary  teeth  is  as  folloAvs  : — 

The  milk  teeth  begin  to  appear  at  about  the  seventh  month, 
and  are  completed  at  the  expiration  of  the  second  year  : but 
considerable  difference  exists  in  regard  to  the  precise  periods 
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of  their  eruption,  frequently  the  first  teeth  appearing  as  early 
as  the  fifth  or  sixth  month,  and  some  infants  being  born  with 
teeth.  The  annexed  diagram  shows  the  usual  order  and  average 
time  at  which  the  milk  teeth  are  cut,  the  numbers  indicating 
months. 
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Tlie  lower  middle  incisors  appear  first,  and  generally  the 
lower  teeth  are  cut  before  the  corresponding  teeth  of  the 
upper  jaw.  Before  the  cutting  of  the  teeth,  the  edges  of  the 
jaw,  previously  sharp,  hard,  and  pale,  become  rounded  and 
swollen,  and  of  a darker  colour,  and  the  apex  of  the  future 
tooth  appears,  like  a white  line  or  spot,  through  the  gum. 

The  milk  teeth,  having,  for  a time,  fulfilled  the  office  of 
mastication,  fall  out,  and  are  succeeded  by  the  permanent  set, 
destined  to  serve  the  same  purpose  through  the  remainder  of 
life.  Teeth,  once  formed,  cannot  increase  in  size.  The  miUc 
teeth,  though  sufficiently  large  for  the  infantile  jaws,  and 
strong  enough  to  resist  the  action  of  the  less  powerful  muscles 
working  them  against  the  softer  food  consumed  in  the  earber 
periods  of  life,  would  not  be  strong  enough  for  the  fully 
developed  jaws  and  muscles,  and  the  harder  food,  of  the 
adult.  Hence,  they  are  removed  to  make  way  for  a larger 
set,  which  also,  when  once  formed,  undergo  no  change  in 
size.  Their  formation,  and  calcification,  commence,  indeed,  at 
very  early  periods  of  life,  the  ossification  of  the  first  perma- 
nent teeth  beginning  at  the  age  of  six  months,  and  that  of  the 
last  molars,  or  wisdom  teeth,  at  about  twelve  years  of  age ; 
yet  their  size  is  proportionate  to  the  dimensions  of  the  future 
alveoli  and  jaws,  and  to  the  future  wants  of  the  still  imde- 
veloped  adult.  The  formation  of  the  permanent  teeth  pre- 
sents one  of  the  clearest  examples  of  anticipative  design  in  the 
animal  economy ; for  they  are  laid  down,  and  their  crowns 
even  are  fully  formed,  whilst  the  jaw  itself  is  still  too  small 
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for  their  proper  accommodation,  and  their  foture  alveoli  do 
not  even  exist. 

The  erirption  of  the  permanent  teeth  corresponds,  generally, 
with  that  of  the  milk  set.  Thus,  the  permanent  incisors  .suc- 
ceed to  the  temporary  incisors,  the  canines  of  the  one  set,  to 
those  of  the  other,  and  the  two  permanent  bicuspids,  to  the 
two  temporary  molars.  Tlie  three  permanent  molars  on  each 
side  are  cut,  like  the  milk  teeth,  directly  through  the  gums. 

The  cutting  of  the  milk  teeth,  is  doubtless,  in  many  cases, 
though  not  necessarily,  a painful  process;  it  may  even  pro- 
duce refle.x  nervous  irritation,  which  may  affect  the  digestive, 
circulatory,  or  muscular  systems,  causing  diarrhoea,  fever,  con- 
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Fig.  86. 


Fig.  86.  Left  side  of  lower  jaw,  at  the  age  of  five  years,  having  the  bony 
substance  partly  removed,  to  show  the  second  set  of  teeth,  forming  be- 
neath the  temporary  or  milk  teeth.  t,  temporary  incisors,  c,  temporary 
canine,  m,  first  and  second  milk  molar,  and  first  permanent  molar. 

F,  permanent  incisors,  forming  in  recesses  or  sacs  witliin  the  jaw,  below 
the  milk  incisors,  o',  permanent  canine,  if,  permanent  bicuspids,  com- 
mencing below  the  two  milk  molars,  which  they  replace.  Hi',  second 
permanent  molar,  rising  beliind  the  first,  which  is  already  through  the 
gum.  Above  and  beliind  this,  is  tiie  sac  of  the  wisdom  tooth,  or  third 
permanent  molar. 

vulsions,  or  paralysis.  Lancing  the  gums  of  children,  affords 
relief  in  two  ways;  it  removes  the  tension  of  the  inflamed 
gums,  and  also  leads  to  the  formation  of  a yielding  and  easily 
absorbed  cicatrix,  in  place  of  the  firmer  tissue  of  the  gums. 
The  cutting  of  the  ten  anterior  permanent  teeth,  is  unattended 
by  pain,  for  the  crown  of  each,  passes  through  an  opening  in 
the  gum,  left  by  the  shedding  of  a milk  tooth ; but  the  cutting 
of  the  permanent  molar  teeth,  which  have  no  precursory  tern- 
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porary  teeth,  is  usually  a painful  process,  more  particularly 
the  cutting  of  the  wisdom  teeth,  the  jaw  and  gums  being 
frequently  so  cramped,  that  the  tooth  has  not  sufficient  room 
to  rise. 

At  about  the  age  of  five  years,  immediately  before  the  shed- 
ding of  any  of  the  milk  teeth,  the  jaw  bone  contains  more 
teeth  than  at  any  other  period  of  life  ; for,  besides  the  milk 
teeth,  all  the  permanent  ones,  except  the  wisdom  teeth,  are 
found  in  an  advanced  stage  of  growth  embedded  in  the  bone 
(see  fig.  86,  and  description).  The  rudiments  of  the  wisdom 
teeth  first  appear  about  the  sixth  year.  The  order  and  date 
of  the  eruption  of  the  permanent  teeth,  in  the  lower  jaw,  are 
expressed  in  years,  in  the  annexed  diagram ; the  corresponding 
teeth  in  the  upper  jaw  appear  usually,  in  each  case,  somewhat 
later. 


I I 

^ 5-7  ^ 

c 7-9 
B 9-12  ® 

® 8-10  ® 

10-12  . 

M 5_7  M 

■ 12-14  “ 

17-25 

In  accordance  with  the  increased  number  and  size  of  the 
permanent  teeth,  contemporaneous  alterations  take  place  in 
both  jaws.  In  youth,  the  alveolar  border  is  almost  semi- 
circular, but  in  the  adult,  semi-elliptical ; it  is,  of  course, 
shallow  in  the  child,  and  deeper  and  broader  in  the  adult ; its 
hinder  part  especially,  enlarges  for  the  accommodation  of  the 
permanent  molars.  At  first,  the  wisdom  teeth  of  the  upper  jaw, 
lie  behind  and  above  the  second  molars;  in  the  lower  jaw, 
these  teeth  are  embedded  in  the  base  of  the  coronoid  processes, 
but  descend  to  their  proper  position,  as  the  jaw  elongates.  In 
the  infant,  the  angle  formed  behind  by  the  lower  jaw,  is  very 
obtuse  ; in  the  adult,  it  is  nearly  a right  angle ; but  in  old 
age,  when  the  teeth  have  fallen  out,  it  again  becomes  more 
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obtuse.  The  obtuseness  of  this  angle,  favours  the  approxima- 
tion of  the  edges  of  the  jaws  in  the  absence  of  teeth,  both  in 
infancy  and  old  age. 

The  use  of  the  incisor  teeth  is  to  seize  and  divide,  like 
scissors,  the  .softer  portions  of  the  food.  The  pointed  canine 
teeth,  stronger,  and  situated  at  the  sides  of  the  dental  arches, 
also  cut  or  pierce  the  Ibod ; whilst  the  bicuspids,  and  especially 
the  molars,  or  grinders,  are  employed  in  bruising,  crushing, 
triturating,  and  grinding  it.  The  harder  parts  of  our  food 
are  broken  by  the  lateral,  or  posterior,  teeth  only.  To  ac- 
complish these  purposes,  the  lower  jaw  is  made  moveable  upon 
the  upper  one,  which  has  no  movement,  except  in  conjunc- 
tion with  the  skull  itself.  By  two  projections  placed  at  the 
summit  of  its  back  part,  named  condyles,  the  lower  jaw  ar- 
ticulates with  the  hinder  part  of  two  depressions  in  the  temporal 
bones,  named  the  glenoid  fossce.  The  condyles  of  the  lower 
jaw  are  flattened  before  and  behind,  and  widened  trans- 
versely; their  long  diameters  are,  hotv'ever,  not  quite  transverse, 
but  are  inclined  backwards  and  inwards,  so  that  lines  passing 
ihrough  them,  would  meet  at  a point  further  back  in  the  skull. 
Each  condyle  has  a loose  hinge  and  gliding  movement,  in  the 
corresponding  glenoid  fossa ; but  the  two  together  form  a firm 
hinge-joint,  admitting  also  of  movements,  in  which  both 
condyles  glide  a little  forwards  and  backwards,  out  of,  and 
into,  the  fossa;.  Moreover,  when  this  motion  is  limited  to  one 
condyle,  the  lower  jaw  and  teeth  move  sideways  imder  the 
upper  ones,  to  the  right  hand  or  to  the  left,  the  point  of  the 
chin  being  carried  in  the  same  direction.  For  the  better 
adaptation  of  the  articular  surfaces,  and  the  greater  security  of 
the  joint,  a biconcave  inter-articidar  cartilage,  thin  or  per- 
forated at  its  centre,  and  thicker  at  its  margins,  is  inteqmsed 
between  the  condyle  and  the  glenoid  fossa,  and  is  canned 
■with  the  condyle,  in  all  the  movements  of  the  jaw,  especially 
in  the  backward  and  forward  movements,  in  the  lateral  move- 
ments, and  in  extreme  depression  of  the  jaw,  as  in  yawning, 
'fhis  latter  motion  is  checked  by  the  pterygo-maxillary  liga- 
ment. Owing  to  the  slight  sliding  movement  of  the  cartilage, 
the  axis  of  motion  of  the  lower  jaw  is  not  at  the  joint,  but  a 
little  below  it,  in  a line  Avith  the  grinding  sm faces  of  the 
teeth. 

The  force  employed  in  moving  the  lower  upon  the  upper 
jaw,  is  muscular,  and  the  agents  immediately  concerned,  are 
the  muscles  of  mastication.  In  opening  the  mouth,  the  lower 
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jaw  partly  descends  by  its  own  weight;  but  it  is  also  drawn 
downwards  by  that  portion  of  the  digastric  muscle,  rvhich 
ascends  from  the  sides  of  the  hyoid  bone,  and  is  inserted  into 
the  hinder  surface  of  the  front  part  of  the  lower  jaw.  The 
platysma  myoides,  a muscle  of  the  neck,  may  also  assist  in 
drawing  the  jaw  down,  and  so  likewise  do  the  genio-hyoid 
and  mylo-hyoid  muscles,  which  ascend  to  it  from  the  hyoid 
bone,  this  bone  being  fixed  by  the  sterno-hyoid  and  omo- 
liyoid  muscles,  which  ascend  to  it  from  the  sternum  and  the 
scapulae,  and  also  by  the  stylo-hyoids  and  the  hinder  portion 
of  the  digastrics,  which  descend  to  it  from  the  styloid  pro- 
cesses, and  the  inner  part  of  the  mastoid  processes  of  the  tem- 
poral bone.  The  external  pterygoid  muscles  also  draw  the  jaw 
forwards,  and  so  aid  in  its  opening. 

The  closure  of  the  ja^v  is  accomplished  by  muscular  effort 
only,  the  muscles  concerned  being  the  most  powerful  of  those 
of  the  head  and  face.  The  chief  of  these  are  the  temporal 
muscles,  which  descend  from  the  temporal  fossae  at  the  sides 
of  the  skull ; each  arises  from  the  fr-ontal,  parietal,  temporal, 
and  sphenoid  bones,  passes  beneath  the  zygomatic  arch,  and  is 
attached  to  the  so-called  coronoid  process,  at  the  upper  and 
anterior  end  of  the  ascending  part  of  the  lower  jaw,  about  an 
inch  and  a half  in  fi'ont  of  the  condyle  or  joint.  The  leverage 
with  which  these  muscles  act,  is  greater  than  if  they  had  been 
attached  nearer  to  the  condyles ; their  action  is  like  that  of  a 
lever  of  the  third  order,  in  which  strength  is,  to  a certain 
extent,  sacrificed  to  rapidity  of  motion.  Another  muscle  of 
mastication,  on  each  side,  is  the  masseter,  a very  thick  and 
powerful  muscle,  which  descends  from  the  lower  border  of  the 
zygomatic  arcli  and  neighbouring  part  of  the  malar  bone,  and 
is  inserted  into  the  outer  surface  of  the  lower  jaw,  near  its 
angle,  both  on  its  ascending  and  horizontal  joart.  Each  of 
these  muscles  consists  of  a superficial  part,  the  fibres  of  which 
are  directed  downwards  and  backwards,  and  of  a deep  part, 
the  fibres  of  Avhich  descend  obliquely  forwards;  whilst,  there- 
fore, the  Avhole  muscle  closes  the  jaw,  the  superficial  part  can 
draw  this  bone  a little  forwards,  and  the  deeper  part,  slightly 
backwards.  On  the  inner  side  of  each  ascending  portion  of  the 
jaw,  between  it  and  the  cavities  of  the  mouth  and  pharynx, 
are  two  other  strong  mu.scles,  named  the  external  and  internal 
pterygoids,  which  proceed  from  the  so-called  pterygoid  pi-o- 
cesses  of  the  sphenoid  bones,  and  from  the  palate  bones,  and 
pass,  the  external  one  horizontally  bticktvards  and  outwards, 
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to  the  inner  surface  of  the  neck  of  the  condyle  of  the  lower  jaw, 
and  the  internal  one,  obliquely  backwards  and  downwards,  to 
the  inner  surface  of  the  ascending  part  and  angle  of  the  jaw. 
The  latter  muscles,  on  each  side,  co-operate  with  the  temporals 
and  masseters,  in  raising  the  jaw,  and  assist  a little  in  drawing 
the  bone  forwards ; but  the  external  pterygoids  are  the  muscles 
chiefly  concerned  in  executing  this  latter  movement,  as  in 
protruding  the  chin.  The  backward  movement  is  accomplished 
by  aid  of  the  posterior  fibres  of  the  temporal,  and  by  the 
internal  pterygoids.  The  external  pterygoid  of  one  side, 
causes  the  lateral  motion  of  the  bone  upon  its  opposite 
condyle,  and  the  lateral  movement  of  the  chin  over  to  the 
other  side.  To  accomplish  the  forward  gliding  movement  of 
the  interarticular  cartilage,  and,  at  the  same  time,  to  withdraw 
the  two  synovial  membranes,  situated  above  and  below  it. 
from  the  risk  of  pressure,  certain  fibres  of  the  external  ptery- 
goid muscle  are  fixed  to  the  anterior  edge  of  the  interarticular 
cartilage,  and  also  to  both  synovial  membranes.  The  move- 
tnents  of  the  masticatory  muscles  accelerate  the  flow  of  saliva 
and  mucus  into  the  mouth. 

The  chief  movement,  employed  in  dividing  or  lacerating 
soft  food,  is  a direct  ascent  of  the  lower  jaw,  accomplished  by 
the  temporal,  masseter,  and  internal  pterygoid  muscles.  In 
crushing  harder  food,  or  in  the  bad  practice  of  cracking  nuts 
with  the  teeth,  the  same  movement  occurs,  the  substance  being 
placed  far  back  between  the  molar  teeth,  not  only  because 
these  teeth  are  broader  and  stronger  than  the  rest,  but  because 
the  muscular  force  is  used  with  greater  effect,  the  nearer  to 
the  fulcrum  it  is  exerted.  The  advantage  of  having  the  molar 
teeth  in  the  part  of  the  jaw  nearest  to  the  fulcrum,  is  obviotis. 
A simple  uj^ward  movement  of  the  lower  jaw  is  insufficient 
for  the  purposes  of  mastication  ; but  the  necessary'  bruising 
and  trituration  of  the  food,  are  accomplished  by  its  backward 
and  forward  movements,  and  especially  by  the  lateral  move- 
ment, combined  with  a slight  backward  and  forward  action, 
which  cause  a rotatory  or  grinding  motion  of  the  lower  teeth 
upon  the  upper  ones. 

IMastication  is  extremely  important  in  the  case  of  all  solid, 
firm,  or  fibrous  food,  as  well  as  of  that  which  is  hard  and  dry, 
preparing  it,  by  comminution,  for  the  action  of  the  digestive 
ilirids;  when  it  is  hurriedly  or  imperfectly  performed, 
dyspepsia  often  ensues. 

In  the  act  of  mastication,  the  saliva  plays  an  important 
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mechanical  part,  as,  indeed,  it  also  does  in  the  movements  of 
the  tongue  in  speech.  Poured  into  the  mouth  at  various 
jioints,  especially  from  the  inner  side  of  the  cheeks  near  the 
molar  teeth,  it  not  only  lubricates  the  mucous  membrane, 
thus  facilitating  the  requisite  and  constant  motion  of  the  food 
in  the  mouth,  and  moistens  the  teeth,  so  as  to  prevent  the 
adhesion  of  the  food  by  the  clogging  of  their  grinding  surfaces, 
but,  mixed  with  the  food,  it  materially  assists  in  softening  it, 
and  converting  it  into  a pulpy  mass,  lit  to  pass  down  through 
the  membranous  gullet.  In  mastication,  the  food  is  also 
mixed  with  a small  quantity  of  air.  It  has  been  observed 
that  in  the  mastication  of  dry  food,  such  as  crusts  or  biscuits, 
a larger  quantity  of  saliva  is,  for  a time,  secreted  than  in  the 
case  of  softer  food ; this  is  probably,  in  part  at  least,  due  to 
the  more  vigorous  action  of  the  muscles  of  mastication,  excit- 
ing a general  determination  of  vascular  and  nervous  energy 
to  the  part's.  It  was  found  by  Bernard,  in  experiments  made 
by  opening  the  oesophagus  of  a horse,  that  the  mass  of  food 
swallowed,  was  usually  mixed  with  about  ten  times  its  weight 
of  saliva ; when  the  Whartonian  ducts  were  tied,  mastication 
was  performed  much  more  slowly,  and  the  food  mass,  taken 
from  the  oesophagus,  was  drier,  though  covered  with  mucus, and 
weighed  only  three  and  a half  times  its  original  weight. 

Certain  movements,  which  co-operate  in  mastication,  are 
performed,  within  the  dental  arches,  by  the  tongue,  and  on  the 
outer  side  of  these  arches,  by  the  buccinators,  or  cheek  muscles, 
which  compress  the  cheeks.  These  movements  serve  to  place, 
and  hold,  the  food  between  the  teeth,  to  turn  it,  so  that  fresh 
portions  may  be  subjected  to  the  pressure  of  the  teeth,  and, 
finally,  when  it  is  fully  masticated,  to  push  or  withdraw  it 
from  between  the  teeth,  so  that  it  may  be  swallowed.  The 
tongue  also  aids  in  crushing  soft  masses  of  food,  and  forming 
them  into  suitable  boluses  to  pass  into  the  pharynx  and  gullet. 

The  tongue  is  a muscular  organ,  composed  of  two  symme- 
trical halves,  separated  from  each  other  by  a median  fibrous 
septum,  and  covered  by  mucous  membrane  and  a submucous 
fibrous  stratum.  The  muscles  of  this  organ  are  extrinsic  and 
intrinsic.  The  former  pass  into  the  tongme,  at  its  base  and 
under  surface,  and  connect  it  with  neighbouring  parts ; they  are 
four  in  number  in  each  half  of  the  tongue,  viz.  the  h jo-glossus, 
the  genio-hyo-glossus,  the  stglo-glossus,  and  the  gmlato-glossus, 
so  named  from  their  respective  bony  attachments.  A few 
fibres  of  the  superior  constrictor  muscle  of  the  pharynx,  are 
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also  connected  with  the  side  of  the  tongue.  The  intrinsic,  or 
proper  muscles  of  the  tongue,  are  the  superior  lonpitndinal,  the 
inferior  longitudinal  or  lingualis,  and  the  transverse. 

The  Injo-glossus  is  a thin  quadrilateral  muscle,  which,  aris- 
ing from  the  hyoid  bone,  passes  upwards  to  the  side  of  the 
tongue,  to  be  inserted  between  the  stylo-glossus  and  the 
lingualis.  Beneath  the  hyo-glos.sus,  is  a flat  triangular  muscle, 
the  genio-hyo-glossus,  the  apex  of  which  arises  from  the  inner 
surface  of  the  anterior  portion  of  the  lower  jaw,  its  base  being 
inserted  into  the  hyoid  bone,  a small  portion  of  the  pharynx, 
and  the  entire  length  of  the  under  surface  of  the  tongue.  The 
stglo-glossus  arises  fr-orn  the  styloid  process  of  the  temporal 
bone,  and  divides  into  two  portions  on  the  side  of  the  tongue, 
one,  longitudinal,  blending  with  the  lingualis,  the  other, 
oblique,  decussating  with  the  hyo-glossus.  The  palato-glossus, 
which, as  previou.sly  mentioned,  forms,  on  each  side,  the  anterior 
pillar  of  the  soft  palate,  passes  from  the  soft  palate  to  the  side 
and  upper  surface  of  the  tongue,  where  it  joins  the  fibres 
of  the  stylo-glossus. 

Of  the  intrinsic  muscles,  the  superior  longitudinal  muscle 
occupies  the  upper  surface  of  the  tongue,  close  beneath  the 
mucous  membrane,  extending  from  its  apex  to  the  hyoid 
bone ; some  of  the  fibres  are  longitudinal,  others  oblique  ; 
many  of  them  are  branched  or  itndergo  subdivision,  and 
are  connected,  at  intervals,  with  the  submucous  and  glan- 
dular structures.  The  inferior  longitudinal,  or  lingualis. 
muscle  reaches  from  the  apex  to  the  base  of  the  tongue,  lying 
between  the  hyo-glossus  and  the  genio-hvo  glossus,  blending 
anteriorly  with  the  fibres  of  the  stylo-glossus.  Between  the 
superior  longitudinal  and  the  lingualis,  are  placed  the  trans- 
verse fibres ; internally,  these  are  connected  with  the  median 
fibrous  septum,  aud,  passing  outwards,  they  are  inserted  into 
the  dorsum  and  margins  of  the  tongue,  where  they  intersect 
the  other  muscular  fibres.  These  transverse  fibres  form  the 
greater  portion  of  the  substance  of  the  organ  ; they  are  inter- 
mixed with  a considerable  quantity  of  fat. 

From  the  varied  course  of  its  component  fibres,  the  tongue 
jtossesses  the  power  of  movement  in  all  directions. 

For  the  act  of  sucking,  the  tongue  is  especially  important. 
The  lips  of  the  infant  being  closely  applied  to  the  breast,  the 
tongue  is  drawn  back,  and  the  threatened  vacuum  in  the 
mouth  is  filled  with  milk,  forced  in  by  the  atmospheric 
pressure  on  the  breast,  as  well  as  by  the  elasticity  of  the 
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distended  ducts  of  that  organ.  By  means  of  the  palate,  uvula, 
and  posterior  pillars  of  the  fauces,  the  respiratory  passages 
through  the  nose  and  pharynx  are  shut  off,  so  that  air  cannot 
enter  the  mouth  by  that  path,  and,  moreover,  respiration  is 
not  hindered,  until  the  act  of  swallnwing  takes  place.  Drink- 
ing, with  the  lips  closed  on  the  rim  of  any  vessel,  involves  a 
similar  mechanism  ; but  the  fluid  is  often  allowed  to  enter  the 
mouth  by  its  gravity  only.  In  sipping,  the  fluid  is  drawn  in 
by  an  inspiratory  movement;  and,  most  commonly,  the  act  of 
drinking  is  performed  partly  by  sipping,  and  partly  by  pour- 
ing the  fluid  into  the  mouth.  In  drinking  from  a stream,  the 
lips  are  protruded  and  submerged,  and  a combination  of  suck- 
ing with  oral  inspiration,  takes  place. 


Deglutition. 

Deglutition,  or  the  act  of  sivallowing,  is  that  mechanical 
process,  by  which  the  food  is  passed  from  the  mouth,  through 
the  opening  called  the  fauces^  into  the  jiliary7ix,  and  thence 
along  the  gullet,  into  the  stomach.  This  act  is  usually  de- 
scribed as  consisting  of  three  stages : — first,  that  in  which  the 
food  is  forced  backwards  from  the  mouth,  through  the  fauces, 
into  the  pharynx ; secondly,  that  in  which  it  is  made  to 
traverse  the  middle  and  lower  part  of  the  pharynx  to  the 
gullet ; and  thirdly,  that  in  which  it  descends  along  the  gullet, 
and  enters  the  stomach. 

The  first  stage  of  deglutition  is  performed  by  aid  of  the 
tongue,  the  hinder  part  of  the  hard  imlate  and  the  soft  palate, 
together  with  the  so  called  pillars  of  the  fauces.  The  hard 
palate  is  formed  by  parts  of  the  superior  maxillary  and  palate 
bones,  covered  by  periosteum  and  a dense  mucous  membrane. 
The  soft  palate  descends,  like  an  apron,  from  the  posterior 
border  of  the  hard  palate,  and  forms  the  upper  margin  and 
sides  of  the  opening,  seen  on  looking  into  the  mouth,  called 
the  fauces.  The  arched  border  of  this  opening,  forming  the 
isthmus  of  the  fauces,  presents,  in  the  middle  line  above,  the 
pendulous  body,  named  the  uvula.  Two  prominent  ridges  on 
each  side,  are  called  the  pillars  of  the  fauces;  the  anterior 
pillars  pass  down  on  the  sides  of  the  tongue,  the  posterior 
pillars,  on  the  sides  of  the  pharynx ; between  the  two  pillars, 
on  each  side,  is  a depression,  in  which  are  lodged  the  soft,  pro- 
jecting, oval,  or  almond-shaped,  somewhat  rugose,  glandular 
bodies,  named  the  amygdalce  (almonds),  or  tonsils.  These 
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bodies  present  a number  of  follicular  depressions,  the  sides  of 
which  are  surrounded  by  small  closed  spherical  sacs,  analogou.s 
to  those  of  the  so-called  Peyer’s  patches  in  the  intestines ; 
they  have  thickish  walls,  lined  by  an  epithelium,  and  contain 
a tenacious  greyish  white  secretion  ; sometimes  they  open  on 
the  stu’face. 

The  mucous  membrane  of  the  under  surface  of  the  soft 
palate,  is  covered  with  a squamous  epithelium,  and  possesses 
numerous  compound  racemose  mucous  glands.  The  mucous 
membrane  of  the  upper  surface,  turned  towards  the  superior 
part  of  the  pharynx,  is  continuous  with  that  of  the  nasal 
Ibssse,  and,  near  the  openings  of  the  Eustachian  tubes,  has  a 
ciliated  columnar  epithelium.  Between  the  two  layers  of 
mucous  membrane,  which  join  at  the  free  border  of  the  soft 
palate,  are  found,  besides  areolar  tissue,  bloodvessels,  lym- 
phatics, and  nerves,  a number  of  symmetrical  muscles,  by 
means  of  which,  the  soft,  pendent,  valve-like  palate,  is 
rapidly  moved  in  various  directions.  Thus,  the  palate  and 
uvula  are  raised  by  the  levator  palatl,  a thin  sheet  of  mus- 
cular substance,  which  descends  from  the  petrous  part  of  the 
temporal  bone  and  from  the  Eustachian  tube,  to  the  back  of 
the  soft  palate ; moreover,  two  small  auxiliary  muscles  descend 
within  the  uvula,  constituting  together  the  so-called  aci/gos 
uvulce  inuscle,  which  elevates  the  uvula.  Descending  tfom  the 
pterygoid  processes  of  the  sphenoid  bone,  and  from  the  Eusta- 
chian tube,  on  each  side,  is  a muscle,  terminating  below,  in  a 
little  tendon,  which  turns  beneath  the  Jiamular,  or  hooked-like 
end  of  the  pterygoid  process,  and  so,  changing  its  direction, 
spreads  out  towards  the  middle  line  udthin  the  soft  palate,  and 
itnites  with  its  fellow  of  the  opposite  side.  This  muscle, 
acting  fr'om  its  point  of  reflexion  over  the  hamular  process, 
tightens  and  spreads  out  the  soft  palate,  hence  its  name. 
circinnjlexus,  ov  tensor  jjalati.  The  two  pillars  of  the  fauces, 
on  each  side,  likewise  contain  small  muscles  ; those  Avithiu  the 
anterior  pillars,  are  named,  from  descending  to  the  tongue,  the 
palato-glossi  muscles ; and  those  Avithin  the  posterior  pillars, 
from  passing  to  the  sides  of  the  pharynx,  the  palato-phargngei 
muscles.  These  muscles  draw  the  soft  palate  doAvnAvards,  and 
either  baclcAvards  or  forwards,  in  the  direction  of  the  tongue  or 
palate  ; by  their  joint  action  on  the  tAvo  sides,  they  also  con- 
tract the  apertirre  of  the  fauces  to  a triangular  fissure,  Avhich 
can  then  be  completely  closed  by  the  uvula.  By  the  A-ariously 
combined  actions  of  the  surroimding  muscles,  the  fauces  can 
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be  closed,  whether  the  palate  be  drawn  upwards  or  downwards. 
By  the  approximation  of  the  posterior  pillars  to  the  uvula,  and 
by  the  simultaneous  elevation  of  the  palate,  the  middle  part 
of  the  pharynx  can  be  shut  olf  from  its  upper  part,  so  that 
this  latter,  or  the  respiratory,  portion,  which  communicates  with 
the  nasal  fossa;,  is  separated  from  the  middle  part,  through 
which  the  food  has  to  descend. 

In  the  first  stage  of  deglutition,  the  lower  jaw  is  raised,  the 
mouth  is  closed,  and  its  cavity  made  smaller ; the  mass  of  food, 
sufBciently  masticated,  and  softened  by  the  saliva,  is  placed 
between  the  tongue  and  the  hard  palate,  and  is  then  pressed 
backwards,  by  a movement  of  the  tongue,  beneath  the  slightly 
sloping  soft  palate,  which  is  rendered  tense  by  the  circumfle.x 
muscles.  The  anterior  pillars  of  the  fauces  are  separated,  to 
receive  the  mass,  whilst  the  posterior  pillars  and  the  uvula,  by 
being  elevated  and  approximated  in  the  manner  just  described, 
shut  off  the  upper  part  of  the  pharynx  and  the  posterior  nasal 
openings.  The  tongue,  becoming  shorter  and  thicker,  its  pos- 
terior part  is  rendered  convex,  and,  by  means  of  the  mylohyoid 
muscles,  which  form  the  muscular  floor  of  the  mouth,  and  also 
by  the  digastrics,  stylohyoids,  and  thyrohyoids,  is  then  forced 
rtpwards  and  backwards,  and  following  the  mass  of  food,  propels 
it,  through  the  fauces,  into  the  middle  portion  of  the  pharynx  ; 
thus  is  completed  the  first  stage  in  the  act  of  deglutition. 

The  second  stage  of  deglutition  is  performed  through,  and 
by,  the  ipharynx.  This  is  a musculo-membranous  sac,  or  bag, 
about  4^  inches  in  length,  and  wider  above  than  below, 
which  is  suspended  from  the  base  of  the  skull,  in  front  of  the 
vertebral  column,  and  behind  the  cavities  of  the  nose,  mouth, 
and  larynx,  with  all  of  which  it  communicates.  It  is  through 
the  larynx,  that  the  air  passes  to  and  from  the  lungs.  On  a 
level  with  the  lower  border  of  the  larynx,  the  pharynx  be- 
comes continuous  with  the  oesophagus,  or  gullet.  The  pharynx, 
fig.  87,  has  seven  openings  leading  into  it.  At  its  upper  part 
in  front,  are  the  two  posterior  nares,  w,  or  nasal  openings  ; at 
each  side,  are  the  apertures  of  the  Eitstachian  tubes,  Avhich  lead 
to  the  tympanic  cavities  of  the  ears ; these  four  openings  are 
above  the  level  of  the  soft  palate.  Below  the  soft  palate,  p, 
the  pharynx  opens,  by  the  isthmus  of  the  fauces,  into  the 
mouth  ; lower  down,  beyond  the  root  of  the  tongue,  is  the 
opening,  e,  into  the  larynx,  I ; at  its  termination,  is  that 
leading  into  the  oesophagus,  o.  The  walls  of  the  pharynx 
consist  chiefly  of  three  pairs  of,  so-called  constrictor,  muscles. 
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supported  by  areolar  tissue,  and  lined  throughout  by  a mucous 
membrane,  continuous  with  that  of  the  nasal  cavities,  Eusta- 
chian tubes,  mouth,  larynx,  and  gullet.  The  constrictor 
muscles,  named,  from  their  relative  positions,  superior,  middle, 
and  inferior,  overlap  each  other  from  below,  that  is,  in  the 
opposite  direction  to  the  slates  of  a roof,  the  inferior  muscle 
being  external  to  the  middle  one,  and  the  middle  one  external 
to  the  upper  one ; the  superior  muscle,  which  is  open  in  front. 


Fig.  87. 


Pig.  87.  Back  view  of  the  pharynx  and  part  of  the  oesophagus,  suspended 
from  the  base  of  the  skull,  and  laid  open  behind,  n,  openings  of  the 
nasal  cavities,  called  the  posterior  nares,  separated  by  a median  septum. 
p,  soft  palate,  with  the  uvula  depending  from  it,  in  the  centre.  Below 
this,  the  arches  of  the  fauces,  bounded  by  its  posterior  pillars : beneath 
this  arch,  is  seen  the  back  of  the  tongue,  e,  the  epiglottis,  or  valve 
which  protects  the  superior  aperture  of  the  larynx.  I,  the  back  of  the 
larynx,  seen  in  the  opened  part  of  the  oesophagus,  o,  the  oesophagus. 
t,  the  trachea,  or  windpipe. 

is,  therefore,  embraced,  at  its  lower  end,  by  the  middle  muscle, 
whilst  this  again  is  embraced  by  the  inferior  constrictor. 
Considered  together,  these  constrictor  muscles  are  attached, 
above,  to  the  base  of  the  skull ; in  front  and  at  the  sides,  to 
various  parts  of  the  bones  of  the  skull  and  face,  and  also  to  a 
fibrous  band  passing  from  the  styloid  process  of  the  temporal 
bone  to  the  lower  jaw ; still  lower  down,  to  the  side  of  the 
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tongue,  to  the  stylohyoid  ligament,  and  the  hyoid  hone  ; and, 
lastly,  to  the  thyroid  and  cricoid  cartilages  of  the  larynx. 
Posteriorly,  the  fibres  of  the  constrictor  muscles,  sweeping 
backwards  in  a curved  direction,  meet  at  a raphe,  or  median 
line,  along  the  back  of  the  pharynx.  Spreading  out  on  each 
side  of  the  pharynx,  is  the  stylo-pharyngeus  muscle,  which 
descends  from  the  styloid  process,  and  also  the  palato- 
pJia7'!/iigeus,  which  passes  down  in  the  posterior  pillar  of  the 
fauce.s.  The  upper  portion  of  the  pharynx,  above  the  level  of 
the  soft  palate,  is  exclusively  respiratory,  and  its  mucous 
membrane  is  covered  with  a columnar  ciliated  epithelium  ; 
the  middle  portion,  through  which  not  only  air,  but  food  and 
drink  pass,  and  the  lower  portion  below  the  laryngeal  aper- 
ture, which  is  devoted  exclusively  to  the  passage  of  food  and 
drink,  are  covered  with  a squamous  non-ciliated  epithelium. 
Numerous  simple  and  compound  racemose  mucous  glands 
open  upon  the  pharyngeal  mucous  membrane,  and  moisten  it 
with  their  secretion. 

In  the  second  stage  of  deglutition,  the  softened  mass  of  food, 
forced,  by  the  backward  movement  of  the  tongue,  into  the 
middle  portion  of  the  pharynx,  is  compressed,  in  rapid  succes- 
sion, from  above  downwards,  by  the  lower  fibres  of  the  supe- 
rior constrictors,  and  more  especially  by  those  of  the  middle 
and  inferior  constrictors,  and  thus  is  propelled  rapkUg  into 
the  upper  end  of  the  gullet.  At  the  same  time,  the  upper  fibres 
of  the  superior  constrictors,  and  especially  the  fibres  of  the 
stylo-pharyngei  muscles,  draw  upwards,  and  somewhat  out- 
wards, the  pharyngeal  walls  over  the  mass  of  food,  as  this  is 
forced  downwards,  d'he  super-position  of  the  constrictors, 
one  upon  the  other,  from  above  downwards,  facilitates  the 
propulsion  of  the  food  in  that  direction ; moreover,  the  food 
itself  meets  with  no  obstruction  from  the  edges  of  the  two 
lower  constrictors,  as  Avould  have  been  the  case,  had  the  im- 
brication of  the  muscles  been  in  the  opposite  direction.  The 
second  stage  of  deglutition  is  rapidly  performed,  because  re- 
spiration is  suspended  during  its  occurrence.  Provision  must 
also  be  made,  during  this  stage  of  deglutition,  for  the  safe 
transit  of  drink  and  food  through  the  pharynx  into  the  gullet, 
without  any  drop  or  particle  being  forced  uprvards  into  the 
nasal  fossas,  where  it  would  excite  irritation,  or  downwards 
into  the  larynx,  whence  it  would  descend  into  the  windpipe, 
and  cause  coughing,  difficulty  of  breathing,  or  suffocation. 
The  posterior  nares  are  accordingly  protected  by  the  elevation 
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and  tension  of  the  soft  palate  above  the  middle  portion  of  the 
pharynx,  in  the  mode  already  described  (p.  2U),  so  as  to  form 
an  inclined  plane,  beneath  which  the  food  glides  into  the 
pharynx,  as  this  ascends  to  receive  it.  At  the  same  time,  the 
opening  into  the  larynx  is  protected  by  the  epiglottis,  a leaf- 
like valve,  situated  at  the  root  of  the  tongue  (vol.  i.  p.  250), 
fig.  87,  e,  fig. 9,  e.  This  valve,  in  the  ordinary  condition  of  the 
parts,  stands  erect,  with  its  free  margin  directed  upwards : the 
larynx  then  communicates  with  the  middle  portion  of  the 
pharynx,  and  air  can  pass  from  the  nose,  and  mouth,  if  that 
be  open,  to  and  from  the  windpipe  and  lungs.  "When,  how- 
ever, the  tongue  is  raised,  and  pressed  backwards  at  the  end 
of  the  first  stage  of  deglutition,  the  larynx  is  elevated,  and  the 
mass  of  food,  or  the  portion  of  liquid,  then  swallowed,  presses 
the  previously  erect  epiglottis  downwards  and  backwards, 
so  as,  together  with  certain  folds  of  the  mucous  membrane 
connected  with  its  borders,  completely  to  close  the  opening 
into  the  larynx,  whilst  the  food  or  drink  is  passing  by  it,  into 
the  lower  portion  of  the  pharynx.  The  moment  the  solid  or 
fluid  has  thus  passed  down,  the  tongue  resumes  its  previous 
position,  the  epiglottis  is  again  erected  by  the  elastic  folds 
connecting  it  with  the  anterior  part  of  the  larynx  and  root  of 
the  tongue,  and  the  air  passage  is  once  more  free  for  the 
purposes  of  respiration. 

The  third  stage  of  deglutition  is  performed  by  aid  of  the 
muscular  Avails  of  the  gullet  or  oesophagus.  This  musculo- 
membranous  tube  is  that  portion  of  the  alimentarv  canal, 
which  extends  fi-om  the  pharymx  down  to  the  stomach.  It 
measures  about  nine  inches  in  length,  and  is  the  narrotvest 
]-)art  of  the  alimentary  canal,  being  itself  narrowed  at  its  lower, 
but  narrowest  at  its  upper  end.  It  descends  through  the 
loAver  part  of  the  neck  and  through  the  whole  length  of  the 
thorax,  and  then,  perforating  the  diaphragm,  opposite  the 
ninth  dorsal  vertebra,  enters  the  abdominal  cavity,  and  imme- 
diately opens  into  the  stomach.  It  is  supported  tipon  the 
vertebral  column,  being  placed  between  the  carotid  jirteries, 
and  behind  the  trachea,  the  heart,  and  the  arch  of  the  aorta  ; 
beloAv  the  latter,  it  lies  in  the  space  between  the  two  pleurte,  to 
the  right,  and  then  in  front,  of  the  descending  aorta ; it 
traverses  the  diaphragm  through  a special  opening,  named 
the  oesophageal  opening.  The  Avails  of  the  oesophagus  are 
composed  of  three  coats,  muscular,  areolar,  and  mucous. 

The  muscular  coat  consists  of  an  external  layer  of  longitucUnal 
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fibres,  and  an  internal  layer  of  circular  fibres ; at  the  tipper 
end  of  the  oesophagus,  these  fibres  are  chiefly  striated,  and 
striated  fibres  are  to  be  found  in  smaller  numbers  even  down 
to  its  lower  end ; but  the  great  mass  of  the  muscular  coat 
consists  of  the  plain,  or  unstriped,  muscular  fibres.  The  areolar 
coat  is  a soft  distensible  tunic,  which  supports  the  mucous 
coat.  The  mucous  coat,  reddish  above,  and  pale  below,  is 
thick,  and  when  the  oesophagus  is  closed,  it  is  thrown  into 
numerous  longitudinal  phcEe ; in  this  state,  a section  across  the 
tube  presents  no  cavity,  but,  in  its  centre,  a radiating  or 
branching  cleft,  formed  by  the  meeting  of  the  plicated  folds. 
The  pharynx  is  permanently  open,  as  far  as  the  aperture  lead- 
ing into  the  larynx,  but  its  lower  portion,  and  the  whole  length 
of  the  oesophagus,  are  habitually  closed,  their  sides  being  always 
in  contact,  excepting  when  solids,  fluids,  or  gases  are  passing 
through  them  ; they  are  examples  of  what  are  called  potential 
cavities.  When,  however,  any  solid  or  fluid  is  passing  down 
the  oesophagus,  the  longitudinal  plicse  of  its  mucous  coat  are 
obliterated.  This  membrane  is  beset  with  papillae,  and  covered 
with  a many-layered  squamous  epithelium,  which,  at  the  lower 
end  of  the  cesophagits,  at  the  line  of  junction  with  the  stomach, 
abruptly  changes  its  character,  and  presents  a crenulated 
border.  The  mucous  membrane  of  the  oesophagus  is  provided, 
especially  at  its  upper  and  lower  ends,  with  small  compound 
mucous  glands. 

In  the  third  and  final  stage  of  deglutition,  the  food,  pressed 
down  by  the  muscles  of  the  pharynx,  first  distends  the  walls 
of  the  oesophagus,  the  muscular  coat  of  which,  however,  speedily 
contracts  above  the  morsel,  and  so  urges  it  further  downwards ; 
the  part  thus  dilated,  then  contracts  above  the  mass  of  food, 
which  is  thus  driven  on,  and  so,  by  a succession  of  similar 
acts,  is  propelled,  in  separate  portions,  into  the  stomach.  This 
successive  contraction  of  the  muscular  coat  of  the  oesophagus, 
from  above  downwards,  is  called  vermicular  or  peristaltic.  The 
circular  fibres  contract,  in  a wave-like  manner,  from  above 
downwards,  and  are  the  propulsive  agents ; whilst  the  longitu- 
dinal fibres,  drawing  up  and  widening  the  walls  of  the  oesopha- 
gus, over  the  sides  of  the  morsel  of  food,  facilitate  its  descent. 
Gravitation,  though  it  may  assist,  has  but  little  influence  on, 
the  downward  movement  of  food  or  liquids.  The  resistance  to 
be  overcome,  is  slight,  consisting  only  of  the  elastic  pressure 
of  the  walls  of  the  oesophagus  and  of  the  surrounding  parts. 
Solid  substances,  and  even  fluids,  are  habitually  swallowed  by 
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the  horse  and  other  animals,  against  the  force  of  gravity ; and 
certain  clowns  can  perform  the  feat  of  eating  and  even  drink- 
ing, whilst  “ standing  upon  their  heads.”  The  rate  of  motion  of 
food  through  the  msophagus,  is  not  so  rapid  as  that  through 
the  pharynx.  Ordinarily,  the  movement  causes  only  a slight 
sensation  at  the  upper  end  of  the  oesophagus ; but  if  the  morsel 
be  too  large,  the  act  is  painful,  especially  as  the  mass  is  passing 
through  the  diaphragmatic  oesophageal  opening.  As  the  oeso- 
phagus receives  fibres  coming  from  the  spinal  accessor)'  nerves, 
but  reaching  it  through  the  pneumogastrics,  division  of  the 
latter  in  the  neck,  paralyses  the  lower  part  of  this  tube,  so  that 
the  food  remains  in  it,  and  distends  it.  It  also  receives  sympa- 
thetic nerve  fibres. 

The  three  stages  of  deglutition  are  distinguished  from  each 
other  in  a remarkable  manner,  according  to  the  mode  in  which 
they  are  regulated,  or  governed,  through  the  nervous  system. 
The, stage  is  voluntary  \ we  place  the  food  between  the 
tongue  and  the  palate,  and,  by  an  effort  of  the  will,  pass 
it  backwards  through  the  fauces,  into  the  pharynx.  Even 
the  accompanying  movement  of  the  soft  palate,  to  shut  off 
the  nasal  fosste,  which  is  an  associated  movement,  so  deter- 
mined by  habit  as  to  be  unconsciously  perfonned,  is  neverthe- 
less a A'oluntary  movement,  or  at  least  one  Avhich,  by  trifling 
practice,  may  be  voluntarily  performed.  The  second  stage  is, 
however,  Avholly  involuntary  and  automatic,  and  is  performed 
through  the  intervention  of  a reflex  action,  though  it  may  be 
partly  imitated  by  the  Avill.  No  sooner  has  the  food  reached 
a certain  part  of  the  fauces,  than  it  excites  afferent  nerves  dis- 
tributed to  that  part,  the  impressions  on  the  fibres  of  Avhich, 
being  conveyed  to  a certain  nervous  centi-e,  are  reflected, 
through  efferent  fibres  of  other  nerves,  to  the  various  and 
numerous  muscles  required  to  contract ; and,  by  the  simul- 
taneous action  of  these,  this  stage  of  deglutition  is  rapidly 
penbrmed.  Whilst,  then,  the  first  stage,  which  involves  no 
obstacle  to  respiration  through  the  nose  and  pharynx,  is  A'olun- 
tary and  deliberate,  the  second  stage,  during  Avhich  respi- 
ration must  be  siispended,  is  involuntary  and  rapid,  and,  more- 
over, is  not  entrusted  to  moA-ements  reqAiiring  practice,  habit, 
or  attention,  to  ensure  their  perfect  co-operation,  but  is  per- 
formed as  promptly,  efficiently,  and  safely,  the  first  time  by  the 
neAv-born  infant,  as  at  any  after  period  of  life.  The  accidental 
passage  of  food  or  drink  into  the  air-passages,  Avith  its  accom- 
panying inconA'eniences,  incidentally  proA'es  the  adA'antage  of 
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the  perfect  performance  of  this  movement.  The  afferent  nerves 
concerned  in  this  important  reflex  act,  are  those  supplying  the 
mucous  membrane  of  the  fauces  and  neighbouring  parts  of  the 
pharynx,  viz.  the  palatal  branches  of  the  fifth  pair,  and,  chiefly, 
the  pharyngeal  branches  of  the  glosso-pharyngeal  and  pneumo- 
gastric  nerves ; the  efferent  or  motor  fibres  are  contained,  sonre 
in  the  former,  but  mostly  in  the  latter  nerves,  being,  however, 
derived  partly  from  the  spinal  accessory  nerves  (vol.  i.  p.  336). 
Some  also  belong  to  the  hypoglossal,  which  governs  the  move- 
ments of  the  tongue,  and  certain  muscles  of  the  neck ; to 
the  facial  nerve,  Avhich  supplies  the  digastric  and  stylohyoid 
muscles ; and  perhaps  a few  to  the  cervical  spinal  nerves.  The 
reflex  nervous  centre  is  situated  in  the  medulla  oblongata,  and 
upper  part  of  the  spinal  cord.  The  third  stage  of  deglutition 
is  also  entirely  involuntary,  and  chiefly,  if  not  wholly,  reflex. 
Tlie  afferent  fibres  concerned,  are  contained  in  the  oesophageal 
branches  of  the  pneumo-gastric  nerves,  and  tlie  efferent  fibres 
are  included  in  the  same  branches,  derived  partly,  however, 
from  the  spinal  accessory  nerves.  It  is  supposed  by  many, 
that  the  non-striated  muscular  fibres  of  the  oesophagus,  may  be 
directly  stimulated  by  the  substances  swallowed,  without  the 
intervention  of  any  reflex  nervous  action. 

Movements  of  the  Stomach. 

The  stomach,  figs.  13,  89,  s,  the  dilated  part  of  the  alimentary 
canal,  into  which  the  oesophagus  opens  above,  and  Ifom  which 
the  small  intestine  leads  below,  is  a musculo-membranous  bag, 
of  a peculiar  shape,  extending  across  the  abdominal  cavity, 
from  left  to  right,  in  front  of  the  vertebral  column,  just  below 
the  diaphragm  and  liver,  immediately  behind  the  anterior  wall 
of  the  abdomen,  and  above  the  transverse  colon.  It  is  some- 
what pear-shaped,  the  wider  end,  fundus  or  cardiac  end,  fig. 
89,  0,  being  turned  to  the  left  side,  and  the  smaller  ov  pyloric 
end,  p,  which  ends  in  the  small  intestine,  being  turned  to 
the  right  side.  The  oesophagus  enters  the  stomach  a little  to 
the  right  of  the  cardiac  end.  The  upper  border  of  the  stomach 
is  concave,  and  is  named  the  lesser  curvature ; the  lower 
border,  convex,  is  called  the  greater  curvature ; the  left  end  of 
the  stomach,  beyond  the  entrance  of  the  oesophagus,  is  named 
the  great  cul-de-sac,  and  a slightly  dilated  part  of  the  convex 
border,  towards  the  left  end  of  the  stomach,  is  called  the  lesser 
cul-de-sac.  After  death,  the  human  stomach  sometimes  has 
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an  honr-glass  form,  being  constricted  across  its  middle,  or 
somewhat  nearer  its  pyloric  end.  The  stomach  has  two  aper- 
tures, one  named  the  cesopliageal  or  cardiac  opening ; and  the 
other  the  pyloric  opening.  It  is  attached,  by  its  oe-sophageal 
end,  to  the  diaphragm,  and,  by  its  pyloric  end,  to  the  back  of 
the  abdomen ; the  lesser  curvature  is  attached,  by  a double 
fold  of  the  peritoneum,  or  lining  membrane  of  the  abdomen,  to 
the  under  surface  of  the  liver ; the  left  end,  or  great  cul-de-sac, 
of  the  stomach,  is  connected,  by  a similar  fold,  with  the  spleen, 
and  the  greater  curvature  is  loosely  attached,  by  like  folds, 
to  the  transverse  colon.  The  greater  curvature  is  the  most 
movable  part  of  the  organ,  which,  when  empty,  is  flattened  on 
its  anterior  and  posterior  surfaces ; but,  as  its  cavity  is  filled,  it 
is  tilted  forwards  and  upwards,  so  that  its  anterior  and  posterior 
surfaces  are  then  turned,  respectively,  obliquely  upwards  and 
forwards,  and  downwards  and  backwards,  the  oesophageal  and 
pyloric  ends  remaining  almost  stationary.  The  .stomach  de- 
scends with  the  diaphragm  during  inspiration,  and  ascends  in 
expiration ; its  state  of  distension  affects  the  cavity  of  the 
chest,  and,  when  over-distended,  causes  dyspnoea  and  palpitation 
of  the  heart. 

The  capacity  of  the  stomach  is  most  variable,  ranging  from 
complete  emptiness,  with  its  walls  in  contact  with  each  other, 
to  a condition  of  full  distension,  in  which  it  may  hold  three 
pints.  ^Yhen  moderately  full,  it  measures  12  inches  in  length, 
by  4 in  diameter.  Its  weight  is  about  44  ozs. 

The  membranous  walls  of  the  stomach  consist  of  four  coats, 
viz.  commencing  from  without,  the  serous,  muscular,  areolar, 
and  mucous  coats,  all  of  which  are  held  together  by  a more 
or  less  extensible  areolar  tis.sue.  The  serous  coat,  thin,  trans- 
parent, and  smooth,  is  a part  of  the  peritoneal  lining  of  the 
abdomen  ; the  anterior  and  posterior  surfaces  of  the  organ,  are 
covered  by  distinct  layers  of  the  peritoneum,  which,  leaving 
it  along  its  greater  and  lesser  cummtures,  become  applied  to 
each  other,  to  form  the  double  supporting  folds  named  omenta, 
by  which  the  stomach  is  held  in  connection  with  other  parts. 
The  serous  coat  is  elastic,  and  thus  accommodates  itself  to  the 
variable  state  of  distension  of  the  organ,  which  is  also  facilitated 
by  a loose  interspace  between  the  two  peritoneal  layers  along 
its  curvatures.  The  muscular  coat,  to  which  the  serous  coat 
adheres  by  fine  areolar  tissue,  contains  three  layers  of  fibres, 
named,  from  their  direction,  longitudinal,  circular,  and  oblique. 
The  longitudinal  fibres,  which  are  next  beneath  the  serous  coat. 
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are  continuous  with  the  longitudinal  fibres  of  the  oesophagus ; 
they  , spread  out  over  the  stomach,  being  accumulated  in  great 
numbers  along  the  lesser  curvature,  in  smaller  numbers  along 
the  greater  curvature,  and  only  thinly  scattered  upon  the 
anterior  and  posterior  surfaces  of  the  organ.  At  the  cnsopha- 
geal  opening,  they  form  the  so-called  stellate  fibres,  and,  at  the 
pylorus,  they  are  again  disposed  in  a uniform  layer,  and  become 
continuous  with  the  longitudinal  fibres  of  the  small  intestine. 
The  circular  fibres,  internal  to  the  longitudinal  ones,  form 
thin  circular  fasciculi  at  the  great  cul-de-sac,  and  surround  the 
whole  extent  of  the  stomach  up  to  the  pyloric  end,  where  they 
are  collected  into  a dense  ring,  which  projects  inwards,  and 
forms  an  annular  sphincter  muscle.  This  projecting  ring. 


Fig.  88. 


Fig.  S8.  Vertical  section  through  the  pyloric  end  of  the  stomach,  and  the 
curved  part  of  the  duodenum,  to  shosv  the  circular  fold,  or  annular  valve, 
at  the  pylorus,  s,  small  part  of  the  stomach,  d,  part  of  the  duodenum. 
p,  the  pylorus,  or  pyloric  opening  of  the  stomach,  with  its  annular 
valves,  a,  ends  of  the  common  bile  duct,  and  the  hepatic  duct,  entering 
the  left  side  of  the  bend  of  the  duodenum,  to  open  internally  by  a 
common  orifice.  Much  reduced  in  size. 

covered,  on  its  interior,  by  the  mucous  membrane,  constitutes 
the  pylorus  or  pyloric  valve  (ttuAjj,  a gate),  fig.  88,  p,  the 
muscular  fibres  of  which  can  partially,  or  completely,  close  the 
pyloric  aperture  of  the  stomach.  The  oblique  muscular  fibres 
do  not,  like  the  longitudinal  and  circular  set,  to  which  they 
are  internal,  extend  over  all  parts  of  the  stomach ; from 
around  the  CBSophageal  opening,  where  they  are  continuous 
with  the  circular  fibres  of  the  oesophagus,  and  form  a sort  of 
sphincter,  they  may  be  followed  for  a short  distance  on  the 
great  cul-de-sac  of  the  stomach,  spreading  obliquely  down- 
wards on  its  anterior  and  posterior  surfaces.  The  muscular 
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fibres  of  the  stomach  are  pale,  and,  for  the  most  part,  non- 
striated,  though  a few,  in  the  longitudinal  layer,  present  traces 
of  indistinct  stria. 

The  areolar  coat  of  the  stomach,  sometimes  called,  from  its 
position,  the  submucous  coat,  consists  of  dense  areolar  tissue, 
containing  some  fatty  tissue,  and  a delicate  layer  of  imstriped 
muscular  fibres.  It  supports  the  mucous  coat,  and,  like  it,  is 
of  greater  extent,  and  less  expansible,  than  the  muscular  and 
serous  coats ; with  the  muscular  coat,  it  is  connected  by  very 
loose  areolar  tissue,  so  that  in  the  empty  condition  of  the 
stomach,  it  is  thrown,  together  with  the  mucous  membrane, 
into  numerous  irregular,  but  chiefly  longitudinal,  folds,  called 
rugae.  The  bloodvessels,  lymphatics,  and  nerves,  belonging  to 
the  raucous  coat,  subdivide  in  the  areolar  coat,  before  they 
enter  the  mucous  membrane.  From  the  number  of  vessels 
in  it,  the  areolar  tunic  was  formerly  named  the  vascular 
coat,  and  from  its  white  colour,  the  nervous  coat ; both  terms, 
however,  are  objectionable.  Its  muscular  fibres  are  sup- 
posed to  assist,  by  their  contraction,  in  the  process  of  absorp- 
tion. 

The  iunei'most,or  mucous  coat  of  the  stomach,  is  a soft,  pulpv, 
smooth,  membrane,  of  a pale  straw  colom-,  after  death,  but  of 
a pink,  or  bright  red,  hue  during  life,  being  much  darker 
during  digestion.  It  is  habitually  moistened  with  mucus.  It 
adheres  firmly  to  the  areolar  or  submucous  coat,  and  follows 
the  folds  or  rvgce  seen  in  the  empty  stomach,  but  which  are 
completely  obliterated,  wdien  this  organ  is  distended.  The 
mucous  membrane  is  provided  with  multitudes  of  glands,  to 
be  hereafter  described,  which  secrete  the  gastidc  juice.  The 
bloodvessels  and  lymphatics  are  numerous.  The  nerves  of 
the  stomach  are  derived,  partly  from  the  large  terminal  branches 
of  the  pneumogastric  or  vagi  nerves,  which  are  joined  by  the 
splanchnic  branches  of  the  sympathetic,  and  partly  also  by 
the  sympathetic  branches,  proceeding  along  the  ai'teries  from 
the  coeliac  or  solar  plexus. 

The  stomach  is  a dilated  portion,  or  diverticulum,  of  the 
alimentary  canal,  intended  for  the  reception  and  retention  of 
successive  portions  of  fluid,  and  of  masticated  and  insalivated 
solid  food, in  order  that  whilst  the  watery  and  dissolved  parts  are 
absorbed,  the  solid  substances  may  be  subjected  to  the  action 
of  the  gastric  juice.  Besides  these  purposes,  for  which  it  is  fitted 
by  the  extensibility  of  its  serous  and  muscular  coats,  and  by 
the  loose  rugse  of  its  less  expansible  submucous  and  mucous 
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tunics,  the  stomach  also,  by  aid  of  its  muscular  fibres,  im- 
presses peculiar  movements  upon  the  food  in  its  interior,  and 
urges  onwards  through  the  pylorus,  into  the  small  intestine, 
those  portions  which  are  sufficiently  softened  and  digested  by 
the  gastric  juice.  In  these  movements,  the  longitudinal  fibres 
shorten  the  stomach ; the  circular  fibres  lessen  its  diameter, 
acting  peristaltically  from  its  cardiac  onwards  to  its  pyloric 
end,  Avhilst  the  oblicjue  fibres  draw  the  sides  of  the  organ  over 
the  alimentary  mass.  When  the  stomach  is  empty,  the  several 
sets  of  fibres  contract  it  in  every  direction,  some  narrowing  it, 
and  others  shortening  it,  and  so  reduce  it  to  its  smallest 
possible  dimensions.  The  pyloric  part  diminishes  relatively 
less  than  the  cardiac  portion.  When,  however,  the  stomach 
contains  food,  its  internal  surface  is  kept  in  close  contact  with 
this,  and  the  different  fasciculi  of  each  layer  acting  consecu- 
tively, give  rise  to  complicated  movements  in  certain  directions. 
The  combined  result  of  these,  is  a remarkable  rotatory^  or 
churning,  motion,  which  urges  the  food  from  the  great 
cul-de-sac  along  the  lower  border  of  the  stomach,  towards 
the  pylorus,  and  thence  back,  along  the  upper  border  to  the 
great  cul-de-sac  again,  and  so  on : such  rotation  is  said  to 
occupy  from  one  to  three  minutes  (Beaumont).  In  order  to 
prevent  regurgitation  of  the  food  into  the  oesophagus,  espe- 
cially during  effort  with  the  abdominal  muscles,  the  cardiac 
orifice  is  kept  closed  by  the  circular  fibres  of  the  lower  end  of 
the  oesophagus,  aided  by  the  edges  of  the  opening  in  the 
diaphragm  ; the  pylorus  is  closed  by  its  proper  muscidar  ring. 
As  the  outer  layer  of  the  alimentary  mass  becomes  digested, 
and  converted  into  a pulp,  it  is  pressed,  by  the  peristaltic 
action  of  the  circular  fibres,  through  the  pylorus,  and  escapes 
at  intervals,  into  the  duodenum.  As  this  pulpy  portion  is 
expelled,  fresh  layers  of  the  food  mass  are  brought  into  con- 
tact with  the  gastric  walls ; towards  the  end  of  digestion, 
larger  quantities  pass  the  pylorus.  Whilst  the  pylorus  per- 
mits the  passage  out  of  the  stomach,  of  the  pulpy  products 
of  gastric  digestion,  such  solid  substances  as  do  not  yield 
lo  the  digestive  process,  are  not  allowed  to  pass,  apparently 
because  they  excite  the  conti-action  of  the  circular  pyloric  mus- 
cular fibres.  Such  substances,  as  well  as  fish  bones,  buttons, 
plum  stones,  or  other  bodies  accidentally  swallowed,  remain  in 
the  stomach  for  some  time  after  the  evacuation  of  its  digestible 
contents ; but  after  a certain  delay,  the  pylorus  relaxes,  and 
allows  them  also  to  pass  into  the  intestinal  canal.  The  move- 
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ments  of  the  stomach  are  partly  reflex,  being  excited  through 
the  pneumogastric  nerves,  as  is  shoYm  by  experiments  on 
animals ; but  it  would  also  seem  probable  that  a direct  stimu- 
lation of  its  muscular  fibres  may  co-operate.  The  sphincter 
fibres  at  the  cardiac  end,  appear  to  be  under  the  government 
of  the  sympathetic  nerves.  It  is  not  knoum  whether  the  con- 
traction of  the  pylorus  is  a reflex  act. 

The  gastric  movements  aid  in  the  function  of  digestion,  by 
rotating  the  food  in  the  stomach,  thus  exposing  all  parts  of  the 
digesting  mass  to  the  action  of  the  gastric  fluid,  and  by 
continually  removing  the  softer  parts  from  the  surface,  and 
expelling  them  gradually  through  the  pylorus,  so  that  fresh 
portions  of  that  surface  are  then  exposed.  The  pressure 
exercised  upon  the  contents  of  the  stomach,  may  further  assist 
in  the  process  of  venous  absorption.  It  is  to  be  observed, 
however,  that  portions  of  food,  placed  in  perforated  metal 
tubes  or  balls,  and  introduced  into  the  stomach,  are  neverthe- 
less digested. 

Movements  of  the  Intestines. 

The  intestinal  canal,  fig.  89,  d to  r,  or  portion  of  the 
alimentary  canal  extending  from  the  stomach  downwards,  is 
divided  into  a longer  and  narrower  part,  called  the  small  in- 
testine, d to  i,  and  a wider  and  shorter  part,  named  the  large 
intestine,  c to  r. 

The  small  intestine  extends  from  the  pylorus p,  to  a valvular 
opening  leading  into  the  large  intestine,  c ; it  measures  about 
2U  feet  in  length,  and  becomes  somewhat,  though  slightlv, 
narrower  from  above  downwards.  This  long  tube  lies  in  coils. 
or  convolutions,  occupying  the  middle  and  lower  part  of 
the  abdominal  cavity,  and  the  pelvis,  fig.  13.  It  is  supported 
by  a broad  double  fold  of  the  peritoneum,  named  the  mesentery. 
which  is  attached,  by  a shorter  posterior  margin,  to  the  back 
of  the  abdomen,  but  is  connected  by  a longer  anterior  margin, 
with  the  back  of  the  small  intestine,  so  that  both  it  and  the 
intestine  are  thrown  into  folds,  which  are  capable  of  constant 
change  in  form  and  position.  The  layers  of  the  mesentery  are 
prolonged  over  the  intestine,  and  form  its  outer  or  serous  coat ; 
and  between  these  two  layers,  are  contained  the  bloodvessels, 
lymphatics  and  hunphatic  glands,  and  the  nerves  of  the  intes- 
tine, all  of  which  help  to  support  this  part. 

The  small  intestine  commences  on  the  right  side  of  the 
vertebral  column,  beneath  the  right  lobe  of  the  liver,  and  after 
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undergoing  its  numerous  convolutions,  terminates  in  the  lower 
part  of  the  right  side  of  the  abdomen.  For  purposes  of 

Fig.  89. 
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Eig.  89.  Diagram,  showing  the  abdominal  portion  of  the  alimentary  canal, 
its  subdivisions,  and  the  general  position  of  these  in  the  abdomen,  s, 
the  stomach,  o,  the  oesophageal,  or  cardiac  end.  p,  the  pylorus,  d,  d, 
the  duodenum,  or  first  portion  of  the  small  intestine,  curving  from  right 
to  left,  j,  coils  of  the  jejunum,  or  second  part  of  the  small  intestine. 
i,  i,  coils  of  the  ileum,  or  third  and  last  part  of  the  small  intestine, 
c,  the  CECcum,  or  first  part  of  the  large  intestine,  with  its  vermiform 
appendix,  co,  co,  co,  ascending,  transverse,  and  descending  portions  of 
the  colon.  /,  sigmoid  flexure  of  the  colon,  r,  straight  intestine  or 
rectum.  The  small  intestine  is  seen  to  occupy  the  middle  of  the  abdo- 
men, and  to  be  surrounded  on  three  sides  by  the  large  intestine. 


description,  it  is  said  to  be  composed  of  three  portions : 
first,  of  a short  portion  named  the  duodenum,  d,  d {duodeni, 
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twelve),  because  it  corresponds  in  length  to  the  width  of 
twelve  lingers  placed  side  by  side  ; secondly,  of  a longer  portion 
named  the  jejunum,  j { jejunus,  fasting),  from  its  being  usually 
found  empty  after  death  ; and,  lastly,  of  a still  longer  portion 
named,  from  its  numerous  coils  or  convolutions,  the  ileum,  i 
(e'i\£iv,  to  coil). 

The  duodenum,  d,  d,  is  about  8 or  10  inches  long ; it  is  the 
widest  part  of  the  small  intestine,  measuring  from  1-^  to 
inches  in  diameter ; it  is  also  the  most  fixed  part,  having  no 
mesentery,  the  peritoneum  merely  covering  it  in  front,  except 
near  the  stomach.  The  duodenum  describes  a horse-shoe  like 
curve,  the  convexity  of  which  is  turned  to  the  right;  first  it 
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PiR.  90.  Portion  of  the  small  intestine,  dissected,  to  show  the  position 
of  its  several  coats,  s,  the  outer,  smooth,  serous  or  peritoneal  coat. 

)«,  the  muscular  coat,  composed  of  an  outer  layer  of  longitudinal  fibres, 
and  an  inner  layer  of  circular  fibres,  c,  the  submucous  and  mucous 
coats  united  together.  Much  reduced  in  size. 

jiscends,  for  about  2 inches,  towards  the  under  surface  of  the 
liver  and  gall-bladder ; then,  it  descends  in  front  of  the  right 
kidney ; next  it  passes  from  right  to  left,  across  the  second 
lumbar  vertebra,  the  attachment  of  the  diaphragm,  the 
ascending  vena  cava,  and  the  aorta,  and  passing  slightly  up- 
wards, joins  the  jejunum,  opposite  a line  corresponding  vith 
the  superior  mesenteric  artery  and  vein.  In  the  concavity  of 
the  curve  of  the  duodenum,  is  placed  the  right  end  or  head  of 
the  pancreas,  which  is  here  attached  to  the  intestine.  The 
common  bile  duct  and  the  j)micreatic  duct,  open  into  the 
duodenum. 

The  jejunum,  j,  forms  about  two-fifths,  and  the  ileum,  i,  i, 
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the  remaining  three-fifths  of  the  part  of  the  small  intestine 
below  the  duodenem.  The  jejunum  occupies  the  middle  and 
left  regions  of  the  abdomen ; whilst  the  ileum  is  placed  in  the 
middle,  lower,  and  right  regions,  and,  occasionally,  partly 
descends  into  the  pelvis.  The  termination  of  the  ileum  in 
the  large  intestine,  c,  is  situated  in  the  right  iliac  fossa.  The 
jejunum  has  thicker  and  dark  coloured  coats,  and  is  some- 
what wider  than  the  ileum,  the  average  diameter  of  the 
former  being  1^  inch,  that  of  the  latter  1 inch. 

The  membranous  walls  of  the  small  intestine  are  composed, 
like  those  of  the  stomach,  of  four  coats ; viz.  the  serous, 
muscular,  areolar,  and  mucous  coats.  The  serous  coat,  fig.  90, 


Fig.  91. 
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Fig.  'll.  Portion  of  the  small  intestine,  laid  open  to  show  the  smooth 
internal  coat  or  mucous  membrane,  which  is  here  tlu-own  into  numerous 
transverse  double  folds  or  ridges,  which  are  permanent.  These  are  the 
valvulae  conniventes,  v.  A patch  of  the  so-called  Peyer’s  glands,  or  glan- 
dulte  agminatae,  or  aggregatm,  with  its  little  component  round  sacs,  is 
shown  at  p.  The  oblong  white  piece  of  card,  partly  covering  the  patch 
of  Peyer,  and  marked  with  an  asterisk,  ’,  shows  the  relative  size  of  the 
piece  of  mucous  membrance  represented  in  Pig.  9S. 


s,  derived  from  the  peritoneum,  is  thin  and  elastic,  to  permit  of 
varioits  degrees  of  distension ; Avhilst  the  smoothness  and 
moisture  of  its  free  surface,  facilitate  the  changes  of  form  and 
position  of  the  intestinal  convolutions  upon  each  other,  and 
upon  adjacent  parts.  The  muscular  coat,  m,  consists,  as  else- 
Avhere,  of  an  external  layer  of  longitudinal,  and  an  internal 
layer  of  circular  fibres.  The  longitudinal  layer  is  thinner 
than  the  circular  layer,  and  is  most  distinct  along  the  free 
border  of  the  intestine ; the  circular  fibres  are  arranged  more 
closely  together.  The  areolar  or  submucous  coat,  c,  is  loosely 
connected  with  the  muscular  coat,  but  more  firmly  with 
the  mucous  membrane,  Avhich  it  supports.  Thin  crescentic 
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extensions  of  tliis areolar  coat  project  transversely,  at  intervals, 
into  the  interior  of  nearly  every  part  of  the  small  intestine, 
and.  covered,  on  both  sides  and  at  their  edges,  by  the  closelv 
adherent  mucous  membrane,  constitute  the  so-called  vaJrulcp 
conniventes,  fig.  91,  v.  These  valves  may  be  displayed  by 
opening  the  intestine,  and  immersing  it  in  ■water.  In  a 
portion  of  intestine  inflated,  dried,  and  laid  open  longitudinally, 
they  are  seen  as  transverse  crescentic  folds  or  ridges,  -wader  in 
the  middle,  and  tapering  at  either  end.  Each  extends  about 
half  or  two-thirds  around  the  interior  of  the  tube  : the  longest 
are  about  two  inches  in  length,  and  one-third  of  an  inch  wide 
at  their  broadest  part,  but  most  of  them  are  smaller:  the 
larger  and  smaller  ones  alternate;  unlike  the  rugae  of  the 
stomach,  thev  are  permanent,  and  not  obbterated  by  distension : 
they  do  not  contain  any  of  the  circular  muscular  fibres,  as  the 
pyloric  valve  does.  Thev  begin  in  the  duodenum,  about  one 
inch  below  the  pylorus : in  the  lower  part  of  the  duodenum, 
thev  are  veyy  lairge,  and  succeed  each  other  closely : about 
the  middle  of  the  jejunum,  they  begin  to  get  smaller  and  wider 
apart ; in  the  lower  half  of  the  ileum,  they  become  less  dis- 
tinct, and  in  the  lowest  part  of  that  intestine,  they  are 
altogether  wanting.  The  mucous  membrane  of  the  small  in- 
testine. which  also  covers  the  valvulse  conniventes.  is  specially 
characterised  by  being  everywhere  closely  beset  with  an 
immense  number  of  minute  thread-like  processes,  called  villi  •. 
when  immersed  in  Avater.  these  stand  up  and  produce  a 
flocculent  appearance,  resembling  the  pile  of  velvet:  hence 
this  mucous  membrane  has  been  termed  villous.  It  also 
contains  the  intestinal  glands,  to  be  presently  described,  and 
other  glands  to  be  noticed,  with  the  lacteals.  in  the  section  on 
Absorption.  The  nerves  of  the  small  intestine  are  derived 
immediatelv  from  the  sympathetic  system : on  their  finest 
branches  in  the  submucous  areolar  tissue,  are  foimd  multitudes 
of  the  microscopic  ganglia,  elsewhere  noticed  ( vol.  i.  p.  325) : 
others  exist  between  the  circular  and  longitudinal  muscular 
layers  (Meissner,  Auerbach). 

The  movements  of  the  small  intestine,  depending  on  the 
contraction  of  its  longitudinal  and  circular  fibres,  afford  the 
most  perfect  example  of  I'ermicuZar  or  pertsfa/b’c  movements. 
Thev  consist,  in  the  healthy  state,  of  slow,  successive,  wave- 
like contractions,  chieflv  of  the  circular  fibres,  from  the  upper 
to  the  lower  part  of  the  intestine.  They  are  noticeable  in 
very  emaciated  persons  during  life,  but  are  powerfully  ex- 
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cited  by  exposure  of  the  intestines  to  the  air,  especially  when 
the  abdominal  aorta  has  been  tied ; they  continue  for  a short 
time  after  death,  and  even  when  the  intestine  is  removed 
from  the  body.  By  narrowing  the  small  intestine,  they  urge 
gently  onwards  from  its  upper  to  its  lower  end,  the  pulpy 
mixture  of  the  ahmentary  substances  and  digestive  juices, 
gently  compressing  these  soft  materials  against  the  mucous 
membrane,  passing  them  on,  over  the  numerous  valvulce  con- 
niventes,  and  so  undoubtedly  aiding  in  absorption.  The 
progressive  contractions  of  the  longitudinal  fibres,  open  and 
unfold  the  coils  of  the  intestine,  which  otherwise  might  arrest 
the  progress  of  its  contents. 

The  peristaltic  movements  of  the  intestines  are  influenced, 
both  through  the  cerebro-spinal  and  sympathetic  nervous 
systems  ; this  is  shoum  by  experiments  on  animals,  by  irrita- 
tion of  the  solar  plexus,  spinal  cord,  and  brain,  and  also  by 
the  peculiar  effects  of  emotions  on  these  movements ; they  are 
accelerated  by  moderate  stimulation,  and  retarded,  or  arrested 
or  inhibited,  by  more  powerful  irritations.  But,  as  they  may 
continue  after  the  intestine  is  removed  from  the  body,  it  is 
possible  that  they  are  usually  excited,  either  by  the  direct 
stimulation  of  the  muscular  fibres,  or  else,  in  a reflex  manner, 
through  the  intervention  of  the  minute  nervous  ganglia  fotmd 
in  the  submucous  tissue,  and  in  the  circular  and  longitudinal 
muscular  layers.  The  stimuli  which  excite  these  motions 
are,  in  either  case,  the  digested  food,  and  the  various  digestive 
fluids  ; of  the  latter,  the  bile  is  the  most  stimulating,  and  its 
importance  as  a regulator  of  the  action  of  the  alimentary  canal, 
is  well  known. 

Besides  these  intrinsic  movements,  the  small  intestine  is 
acted  upon  jointly  by  the  diaphragm  and  the  abdominal 
muscles,  which  subject  it  to  various  degrees  of  pressure,  and 
more  or  less  alter  its  general  position  in  the  abdomen  ; such 
movements  must  aid  in  urging  onwards  the  contents  of  the 
intestine.  It  has  been  estimated  that  the  time  occupied  in 
the  descent  of  the  digested  food  along  the  small  intestine,  is 
about  three  horns. 

The  large  intestine,  fig.  89,  c to  r,  extends  from  the  small  in- 
testine to  the  termination  of  the  alimentary  canal.  It  mea- 
sures usually  about  five  or  six  feet,  i.e.  aboirt  one-fifth  of  the 
whole  length  of  the  intestinal  canal.  Though  much  shorter 
than  the  small  intestine,  it  is  considerably  wider,  measuring 
from  1^  to  2^  inches  in  width,  being  widest  at  its  commence- 
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ment,  and  gradually  narrowing  as  it  descends.  It  pursues  a 
remarkable  course ; commencing  in  the  right  iliac  fossa,  where 
the  small  intestine  opens  into  it,  it  ascends  along  the  rieht 
side  to  the  under  surface  of  the  liver,  then  passes  across, 
between  the  umbilicus  and  the  pit  of  the  stomach,  to  the  left 
side  of  the  abdomen,  whence  it  de.scends  to  the  left  iliac  fossa, 
and,  having  described  a double  or  sigmoid  curve,  enters  the 
pelvis,  throitgh  which  it  passes  down,  supported  by  the  sacrum 
and  coccyx.  The  large  intestine  is  more  or  less  ai-bitrarilv 
divided  into  three  parts ; the  first  part  named  the  ccecum.  c, 
with  its  vermiform  appendix ; the  second  part,  the  colon. 
CO  to  CO,  again  subdivided  into  the  ascending,  transverse, 
descending  colon,  and  sigmoid  flexure  of  the  colon ; and  the 
third  part,  or  terminal  portion,  named  the  rectum,  r. 

The  ileiun,  i,  enters  the  inner  or  left  side  of  the  larcre  in- 
testine, c,  a short  distance  above  the  commencement  of  tin- 
latter,  which  forms,  below  the  point  of  entrance,  a pouch- 
like portion,  about  two  inches  in  length,  constituting  the 
ccEcum,  so  named  because  it  is  a Mind  pouch  or  cul-de-sac. 
fig.  92,  c. 

Projecting  from  the  lower  and  back  part  of  the  cjecum,  is  a 
narrow,  coiled,  and  tapering,  tube,  about  4 inches  in  length,  and 
about  as  thick  as  a worm,  hence  named  the  vermiform  or  worm- 
like appendix,  fig.  92,  a.  It  commrmicates  with  the  ctecum 
by  an  opening,  protected  by  a membranous  ridge  ; its  outer 
end  is  closed.  It  may  be  regarded  as  a part  of  the  cacum 
arrested  in  its  growth,  and  is  the  homologue  of  the  long 
cacum  foimd  in  Mammalia  generally,  the  orang-outanc,  chim- 
panzee, and  wombat  being,  however,  exceptions. 

The  cacum,  and  the  ascending,  transverse,  and  descending 
colon,  with  its  sigmoid  flexure,  are  distinguished  from  the  small 
intestine,  and  also  from  the  rectum,  by  their  peculiar  saccu- 
lated form.  The  sacculi  of  these  parts,  are  aivanged  in  three 
longitudinal  rows,  separated  from  each  other  by  three  inter- 
mediate bands.  Their  presence  depends  upon  a peculiar 
arrangement  of  the  ccats  of  the  intestine.  These,  as  in 
the  small  intestine,  are  four  in  number,  viz.  proceeding  from 
without  inwards,  the  serous,  the  muscular,  the  areolar,  and 
the  mrrcous  coats.  The  serous  ox  peritoneal  coat,  is  complete 
in  only  certain  portions  of  the  great  intestine,  viz.  in  the 
transverse  part  of  the  colon,  the  sigmoid  flexure,  and  the 
upper  part  of  the  rectum ; whilst  the  cajcum,  the  ascendinc: 
and  descending  colon,  and  the  lower  part  of  the  recttim,  are 
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closely  fixed  behind,  and  therefore  receive  only  a partial 
covering  from  the  peritoneum.  The  muscular  coat  consists,  as 
usual,  of  external  longitudinal  and  internal  circular  fibres. 
On  the  vermiform  appendix,  both  sets  of  fibres  form  uniform 
layers.  On  the  sacculated  pouch  of  the  cascum,  and  through- 
out the  whole  length  of  the  colon,  however,  the  longitudinal 
fibres,  thinly  scattered  over  the  sacculi,  are  chiefly  collected  into 
three  long  bundles,  which  form  the  three  longitudinal  bands 
between  the  sacculi.  These  bands,  indeed,  are  shorter,  from 
end  to  end,  by  nearly  one-half,  than  the  intermediate  part  of 
the  intestine,  which  accordingly  is  puckered,  and  projects 
inwards  in  the  form  of  sharp  crescentic  ridges  between  the 
dilated  parts  which  form  the  sacculi.  These  sacculi  become 
smaller  and  more  scattered  on  the  sigmoid  flexure  of  the  colon. 
On  the  rectum,  the  longitudinal  fibres  speedily  form  a thick 
stratum,  evenly  distributed  over  the  whole  circumference  of 
the  intestine,  so  that  the  sacculi  disappear.  The  circular 
fibres  cover  the  whole  sitrface,  but  are  accumulated  in  greater 
numbers  on  the  ridges  between  the  sacculi.  Upon  the  rectum, 
however,  they  soon  form  a thick  and  uniform  layer ; the 
lower  portion  of  this  is  particularly  well  developed,  con- 
stituting the  internal  sphincter  muscle,  which  constricts  the 
lower  part  of  the  bowel,  and  assists  the  external  sphincter 
muscle,  situated  beneath  the  skin,  around  the  aperture  of  the 
intestine,  in  keeping  the  bowel  closed.  The  areolar  or  sub- 
mucous coat  of  the  large  intestine,  is  attached  loosely  to  the 
muscular  coat,  but  more  intimately  to  the  mucous  membrane  ; 
it  is  saccidated,  and  helps  to  maintain  the  ibrm  of  the  intes- 
tine ; it  supports  the  tender  mucous  coat,  and  furnishes  a 
stratum,  in  which  the  bloodvessels,  lymphatics,  and  nerves, 
ramify.  The  mucous  coat,  unlike  that  of  the  small  intestine, 
follows  strictly  the  form  of  the  intestinal  canal  itself ; for  it  is 
not  thrown  into  proper  folds,  like  the  valvulte  conniventes, 
but  only  follows  the  concentric  ridges  between  the  sacculi. 
Moreover,  it  differs  from  the  mucous  membrane  of  the  small 
intestine,  in  being  somewhat  thicker  and  paler,  and  in  being 
perfectly  smooth  and  entirely  destitute  of  villi.  In  the  CEecum 
and  colon,  it  is  of  a greyish  yellow  colour,  but  in  the  rectum, 
it  is  darker,  thicker,  more  vascular,  and  more  loosely  con- 
nected with  the  muscular  coat.  Its  glands  will  be  presently 
described.  The  nerves  belong  to  the  sympathetic  system  ; in 
the  submucous  coat,  their  fine  branches  present  microscopic 
ganglia,  which  are  also  found  outside  the  muscular  coat.  The 
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movements  of  the  large  intestine  are  not  retarded  by  irritation 
of  the  splanchnic  nerves. 

At  the  junction  of  the  lower  end  of  the  ileum,  fig.  92,  i, 
with  the  cfficum,  c,  and  colon,  co,  there  is  found  a very  per- 
fect valve,  the  ileo-ccBcal  valve,  or  valve  of  Tulp  or  Bauhin, 
composed  of  two  semi-lunar  segments,  having  their  free  edges 
directed  towards  the  large  intestine.  The  end  of  the  ileum 
is  somewhat  flattened  on  its  upper  and  under  aspects,  and  is 
here  inserted  into  the  left  side  of  the  large  intestine.  The 
flattened  part  of  the  small  intestine,  carries  in,  with  it,  the  side 
of  the  large  intestine,  and  so  forms  the  segments  of  the  valve. 


Fia.  92. 


Fig.  92.  The  csecum,  and  the  commencement  of  the  ascending  colon,  laid 
open  in  front,  to  show  the  ileo-csecal  or  ileo-colic  valve,  at  the  junction  of 
the  small  and  large  intestines,  e,  the  cul-de-sac,  named  the  caecum,  or 
blind  intestine,  a,  vermiform  appendix  of  the  caecum,  co,  part  of  the 
ascending  colon,  i,  A piece  of  the  ileum,  or  small  intestine,  entering 
the  side  of  the  large  intestine,  between  the  e*cum  and  colon,  by  a hori- 
zontal transverse  fissure,  bounded,  above  and  below,  by  the  crescentic 
segments  of  the  ileo-caecal  or  ileo-colic  valve.  3Iuch  reduced  in  size. 

which  consist  therefore  of  the  coats  of  both  intestines,  ex- 
cepting, however,  the  longitudinal  muscular  fibres  and  the 
j^eritoneal  tunic.  If  the  latter  be  carefully  divided  where  it 
jiasses  from  one  intestine  to  the  other,  the  inserted  part  of  the 
small  intestine,  may  be  drafvn  out  from  the  side  of  the  large 
intestine,  when  the  two  segments  of  the  ileo-c£ecal  valve 
disappear,  and  the  small  intestine  seems  to  open  widely  into 
the  side  of  the  large  intestine.  In  the  natural  condition,  the 
segments  of  this  valve  are  placed  one  above  the  other,  and 
leave,  between  their  free  edges,  a narrow,  nearly  horizontal. 
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slit,  leading  from  the  small  into  the  large  intestine.  Each 
segment  contains  circular  muscular  fibres,  areolar  tissue,  and 
two  layers  of  mucous  membrane,  continuous  with  each  other 
at  the  fi’ee  edge  of  the  segment.  The  mucous  membrane  of 
the  surface  turned  towards  the  ileum,  is  covered  ivitli  villi ; 
whilst  that  turned  toivards  the  large  intestine,  is  destitute  of 
those  processes. 

Notwithstanding  the  active  absorption  Avhich  takes  place  along 
the  whole  length  of  the  small  intestine,  its  contents  retain  a 
pulpy  consistence.  By  the  peristaltic  action  of  the  circular 
muscular  fibres,  they  are  pressed  through  the  slit-like 
opening  between  the  segments  of  the  ileo-ctecal  indve,  having 
j^assed  which,  they  are  received  into  the  pouch  of  the  ca?cum, 
■which  now  supports  their  weight,  whilst  the  lateral  position  of 
the  valve  relieves  it  from  pressure.  Once  having  passed  the 
valve,  no  force  exerted  upon  the  intestinal  contents,  can  ever 
return  them  into  the  small  intestine,  the  valve-segments, 
owing  to  the  elasticity  and  muscularity  of  all  the  parts,  meet- 
ing closely  together  under  every  change  of  dimensions.  Even 
after  death,  when  these  parts  are  removed  from  the  body,  -water, 
poured  into  the  colon,  is,  owing  to  the  closure  of  the  valve-seg- 
ments, comjfietely  prevented  from  passing  into  the  ileum.  In 
the  cfficum.  the  still  pulpy  residue  of  the  processes  of  digestion 
and  absorption,  undergoes  further  inspissation,  perhaps  also 
further  digestion.  By  the  combined  and  comparatively  slow 
peristaltic  action  of  the  longitudinal  bands  between  the  sac- 
culi,  and  of  the  circular  fibres  spread  over  the  sacculi  them- 
selves, it  is  pressed  upwards  into  the  ascending  colon,  and,  in 
like  manner,  onwards  from  sacculus  to  sacculus  of  the  ascend- 
ing, transverse,  and  descending  colon,  and,  yet  more  slowly, 
through  the  sigmoid  flexure  of  the  colon  into  the  rectum,  ac- 
quiring, by  gradual  absorption,  as  it  descends,  its  final  state  of 
inspissation,  before  it  is  expelled  from  the  body.  Undue  pres- 
sure, or  weight,  is  prevented  by  the  sigmoid  curve  of  the  intestine. 
The  external  and  internal  sphincters,  Avhich  close  the  rectum 
below,  are  kept  contracted,  in  a reflex  manner,  by  the  action 
of  the  spinal  cord.  In  defsecation,  these  muscles  are  relaxed, 
whilst  the  intestine  above  contracts,  the  action  being  aided  by 
expulsive  efforts  on  the  part  of  the  abdominal  and  expiratory 
muscles  generally,  the  diaphragm  being  fixed  after  closure  of 
the  glottis.  The  fibres  surrounding  the  cardiac  opening  of  the 
stomach,  must  also  close  that  aperture  simultaneously. 
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Vomiting. 

In  the  ordinar}'  exercise  of  their  functions  in  the  digestive 
process,  the  oesophagus,  the  stomach,  and  the  intestinal  canal, 
manifest,  as  -we  have  seen,  movements  of  the  so-called  peri- 
staltic kind,  due  to  successive  wave-like  contractions  of  their 
muscular  walls,  excited,  partly  through  the  nervous  system, 
but  also,  especially  in  the  case  of  the  intestines,  by  the  direct 
stimulation  of  the  food  upon  them.  But,  under  certain  con- 
ditions, an  undue  local  stimtdation  of  the  muscular  fibres,  or 
some  wider  irritation,  operating  through  the  nervous  svstem, 
excites  these  organs  to  reversed,  or  so-called  anti-peristaltic, 
action,  often  accompanied  with  powerful  associated  move- 
ments of  the  abdominal  muscles,  and  Avith  certain  peculiar  states 
of  the  diaphragm  and  muscles  of  respiration  generally,  so 
producing  the  acts  of  eructation,  regurgitation,  retching,  and 
vomiting. 

The  enictation  of  gaseous  matters,  depends  chiefly  on  the 
contraction  of  the  Avails  of  the  stomach  and  oesophagus,  aided 
slightly  by  that  of  the  abdominal  muscles  and  the  diaphragm. 

The  act  of  vomiting  is  a more  general,  and  poAverful  move- 
ment, and  often  invob^es  a contraction  of  the  small  intestines; 
but  it  depends  essentially  on  a similar  mechanism.  Though 
an  exceptional  phenomenon,  and,  in  disease,  often  a serious  or 
fatal  symptom,  it  is,  in  many  instances,  beneficial,  relieA'ing 
the  stomach  of  indigestible,  iiTitating,  or  poisonous  substances, 
expelling  Ironi  it  morbid  secretions,  or  even  inducing  a state 
of  exhaustion,  in  some  Avay  favourable  to  ultimate  recovery. 
liefching  is  unsuccessftd  vomiting. 

Eegurgitation  is  performed  by  the  same  mechanism  as 
vomiting;  but  its  effect  is  limited  to  the  expulsion  of  smtdl 
portions  only  of  the  contents  of  the  stomach.  There  are 
persons  AA'ho  possess  a sort  of  poAver  of  rumination,  sAvalloAving 
their  food  half  cheAved,  and,  after  a time,  returning  it  to  the 
month,  AA'here  it  is  fully  masticated,  and  then  re-swalloAved. 

The  actual  contraction  of  the  stomach,  in  vomiting,  is 
sometimes  felt ; indeed,  it  has  been  witnessed.  In  a man,  in 
Avhom  the  entire  stomach  protended  through  a Avound  of  the 
abdomen,  forcible  and  repeated  contractions  of  this  organ,  Avere 
observed  to  continue  for  half- an-hour,  tiU  it  was  entirely 
emptied  of  its  contents  (Lepine).  As  a preliminary  con- 
dition to  the  inverted  action  of  the  fibres  of  the  stomach 
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generally,  the  pyloric  muscular  ring  contracts  tightly,  -whilst 
the  oblique  fibres  surroimding  the  cardiac  orifice  are  always, 
and  necessarily,  relaxed ; otherwise  the  contents  of  the 
stomach  could  not  enter  the  oesophagus.  The  ineffectual 
attempts  to  vomit,  sometimes  noticed,  before  the  actual  ex- 
pulsion of  the  contents  of  the  stomach,  are  due  to  the  contrac- 
tion of  these  cardiac  fibres,  w'hich  contraction  ordinarily  serves 
to  retain  the  contents  of  the  stomach,  during  any  violent  effort 
on  the  part  of  the  abdominal  muscles.  The  relaxation  of 
these  fibres,  in  vomiting,  is  immediately  followed  by  an  anti- 
peristaltic  action  of  those  of  the  oesophagus,  movements  which 
have  been  observed  in  the  horse,  after  the  injection  of  tartar 
emetic  into  its  veins,  and  have  been  found  to  continue  even 
when  the  oesophagus  is  separated  from  the  stomach.  It  has 
been  suggested,  that  the  upward  propulsion  of  the  contents 
of  the  stomach  or  intestines,  and  of  matters  rising  in  the 
oesophagus,  is  due  to  a downward  or  peristaltic  action  meeting 
■with  resistance,  and  producing  a central,  or  so-called  axial 
cmrent  upwards  (Brinton)  ; but  this  explanation  is  not  gene- 
rally adopted,  and  antiperistaltic  movements  certainly  occur  in 
animals. 

The  influence  of  the  abdominal  muscles  in  vomiting,  is  ob- 
vious, and,  indeed,  Magendie  suggested,  that  these  muscles  and 
the  diaphragm  were  alone  concerned  in  this  act,  the  stomach 
being,  as  it  were,  passive,  and  merely  compressed  by  the 
descent  of  the  diaphragm,  and  the  backward  movement  of 
the  abdominal  nmscles.  This  view  is  supported  by  Bedard 
and  Budge.  The  administration  of  tartar  emetic,  to  an 
animal,  or  its  injection  into  the  veins,  was  said,  by  Magendie, 
never  to  produce  contraction  of  the  stomach.  He  found  that, 
on  drawing  this  organ  out  of  the  abdomen,  no  vomiting  oc- 
curred ; but,  as  soon  as  it  was  replaced  in  its  normal  situation, 
the  action  of  the  abdominal  muscles,  or  the  pressure  of  the 
hand,  immediately  produced  vomiting ; even  after  removal  of 
the  abdominal  muscles,  so  as  to  leave  only  the  linea  alba,  or 
the  tendinous  sti’ucture  in  the  middle  line  of  the  abdominal 
■walls,  the  descent  of  the  diaphragm,  according  to  that 
observer,  still  emptied  the  stomach.  Moreover,  on  removing 
the  stomach,  and  supplying  its  place  by  a bladder  attached  to 
tlie  (Esophagus,  the  contents  of  the  former  were  forced  up- 
Avards  by  the  contraction  of  the  abdominal  muscles.  It  is, 
hoAvever,  generally  believed,  that  these  experiments  merely 
prove,  that  the  abdominal  muscles  are  powerful  agents  in 
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expelling  the  contents  of  the  stomach  into  the  oesophagus, 
just  as  they  assist,  most  materially,  in  the  expulsion  of  the 
contents  of  the  other  hollow  viscera.  They  do  not  show  a 
completely  passive  condition  of  the  stomach  itself,  which 
organ,  as  just  stated,  has  been  seen  to  be  able  to  empty  its 
own  contents.  In  experiments  on  animals,  when  the  abdomen 
is  opened,  the  movements  of  the  stomach  are  frequently  so 
feeble  and  rapid,  that  they  might  escape  observation. 

It  Avas  supposed  by  Magendie,  that  the  diaphragm  is 
actively  concerned  in  A'omiting,  undergoing  a movement  of 
descent ; but,  the  associated  acts  necessary  to  vomiting,  are 
expiratory,  and  the  descent  of  the  diaphragm  is  an  inspiratorv 
movement  (Alarshall  HaU).  At  the  moment  of  vomiting,  the 
diaphragm,  though  moi'e  or  less  contracted,  is  certainly  fixed ; 
for,  previous  to  each  act  of  v'omiting,  a poAverfiil  inspiratorv 
effort  occurs,  and  the  diaphragm  of  course  descends ; but  the 
glottis  is  then  closed,  and  any  further  movement,  on  the  part 
of  the  diaphragm,  is  thus  prevented,  so  that  it  probably  remains 
passive  in  vomiting. 

During  vomiting,  as  in  the  second  stage  of  deglutition,  cer- 
tain muscles  draw  the  soft  palate  across  the  pharynx,  and 
prevent  the  Ammited  substances  from  passing  into  the  posterior 
nares ; but  Avhen  the  abdominal  muscles  act  A'erA*  poAverfulh', 
these  are  sometimes  ejected  through  the  nose. 

As  elseAvhere  mentioned,  Ammiting  is  a refiex  act,  the 
pneumogastric  nerAms  being  the  afferent  nerves,  the  medulla 
oblongata  and  cord,  the  excitable  centres,  and  the  nerA'es  of 
the  A^arious  muscles  concerned,  the  efferent  nerA'es.  Sometimes 
it  is  excito-motor,  and  mduced  by  a local  stimulus,  applied  to 
the  interior  of  the  stomach  itself,  such  as  indigestible  food, 
medicines,  poisons,  or  diseased  secretions ; it  may  also  be  due 
to  morbid  irritability  of  this  organ,  ft-om  inflammation,  ulcer- 
ation, or  other  disease ; or  the  cause  of  imtation  may  be 
distant,  as  in  the  intestines  or  some  other  part.  In  certain 
cases,  as  in  sickness  produced  by  a bloAv  on  the  eye-ball  or 
on  the  shin,  by  strangulation  of  the  intestine,  or  by  a calcrdus  in 
the  kidney,  the  reflex  act  is  sensori-motor,  or  accompanied  by 
sensations  which  are  abvays  of  a painfid  kind.  The  nausea 
and  vomiting  caused  by  tickling  the  fauces,  by  dis;igreeable 
tastes  and  odours,  or  by  sickening  sights,  are  likeAvise  sensori- 
motor in  their  character.  Sea-sickness  is  also  an  example  of 
sensori-motor  A'omiting.  Emotional  causes  may  likeAA'ise  excite 
this  act.  Emetic  medicines,  Avhich  operate  just  as  readily 
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when  injected  into  the  veins,  as  wdien  introduced  into  the 
stomach,  probably  act  directly  on  the  reflex  nervous  centres 
concerned  in  vomiting;  but  they  may  operate  on  the  extremities 
of  the  afferent  nerves  of  the  stomach.  These  are  the  pneumo- 
gastric  nerves,  irritation  of  which  causes,  amongst  other  results, 
contraction  of  the  muscles  of  the  abdomen,  and  vomiting.  In 
the  vomiting,  named  cerebral  vomiting,  which  occurs  after  con- 
cussion of  the  brain,  and  in  certain  diseases  of  that  organ,  the 
cause  of  irritation  is  central.  In  some  individuals,  vomiting 
can  be  performed  voluntarily,  this  power  being  either  natural, 
or  else  acquired  by  practice. 

It  is  said  that  the  act  of  vomiting  but  seldom  occurs  in  the  horse ; 
and  it  has  been  attempted  to  explain  this,  by  reference  to  the  structure 
of  the  cardiac  end  of  the  stomach ; but  it  would  seem  rather  to  be  due 
to  the  very  slight  susceptibility  of  that  animal  to  the  action  of  emetic 
medicines. 


THE  DIGESTIVE  FLUIDS. 

The  chemical  processes  concerned  in  the  function  of  diges- 
tion, consist  of  peculiar  reactions  between  the  food  and  the 
various  secretions  of  the  alimentary  canal. 

The  digestive  fluids,  which  are  added  to,  and  act  chemically 
on,  the  food  in  its  progress  through  the  alimentary  canal,  are 
as  follow: — first,  the  fluids  of  the  mouth,  consisting  of  the 
mucus  secreted  by  the  mucous  membrane  and  glands  of  that 
cavity,  and  the  saliva,  the  product  of  the  three  pairs  of  salivary 
glands,  named  parotid,  submaxillar i/,  and  sublingual  glands ; 

secondly,  the  secretion  of  the  stomach,  named  the  gastric  juice , 
formed  by  minute  gastric  glands,  or  foUicles,  embedded  in  the 
mucous  membrane  of  that  organ ; thirdly,  the  bile  secreted  by 
the  liA^er,  and  poured  into  the  duodenum;  fourthly,  the 
creatic  juice  secreted  by  the  pancreas,  and  also  added  to  the 
food  in  the  duodenum ; and  lastly,  the  mucus  and  the  intes- 
tinal juices,  secreted  by  the  mucous  glands,  and  by  the  so- 
called  tubuli,  which  exist  in  vast  numbers  in  the  mucous 
membrane  of  every  part  of  the  small  and  large  intestines. 
Each  of  these  fluids  exercises  a special  transmutation  on  one  or 
more  of  the  proximate  constituents  of  the  food,  the  tendency 
of  such  changes,  being  to  convert  those  constituents,  from  an 
insoluble  and  unabsorbable  condition,  into  a state  of  solution, 
or  into  a state  in  Avhich  they  can  be  absorbed,  that  being  the 
ultimate  object  of  the  digestive  process. 
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Sources  and  Composition  of  the  Buccal  Mucus  and  Saliva. 

The  mucous  glands  of  the  mouth  are  named,  according  to 
their  position,  labial,  buccal,  molar,  palatal,  and  lingual. 
These  are  chiefly  compound  racemose  glands,  forming  rounded 
masses  beneath  the  mucous  membrane,  and  opening  into  the 
mouth  by  their  proper  ducts.  At  the  base  of  the  tongue,  are 
a few  simple  follicles,  and  some  follicular  depressions,  having 
little  closed  sacs  in  their  walls,  like  the  follicles  of  the  tonsils. 
The  tonsils  themselves  probably  also  furnish  some  mucous 
secretion.  Beyond  the  mouth,  the  pharynx  possesses  ntmie- 
rous  simple  follicles,  and  its  upper  part,  compound  racemose 
glands.  Their  secretion  lubricates  the  parts,  and  also  the 
surface  of  the  food.  It  may  likewise  aid  the  saliva  in  its 
chemical  action.  Throughotit  the  whole  length  of  the  oeso- 
phagus, and  especially  in  a circular  group  around  its  lower 
end,  there  are  also  numerous  compound  mucous  glands,  which 
perform  similar  offices. 

Of  the  three  pairs  of  salivarg  glands,  the  parotid  glands  are 
by  far  the  largest,  weighing  from  5 to  8 drachms  each.  They  are 
placed  one  on  each  side  of  the  face,  between  the  ear  (-apd,  near, 
ouc,  ihrdc,  the  ear)  and  the  lower  jaw,  which  they  overlap,  being 
there  supported  by  their  ducts  and  blood-vessels,  and  bv  a 
strong  fascia.  The  facial  nerves  pass  through  the  glands.  The 
principal  mass  of  each  gland  occupies  the  position  above  indi- 
cated, and  likewise  penetrates  amongst  the  muscles  and  vessels 
of  this  region  ; but  a secondary  or  accessory  portion,  soda 
parotidis,  extends  forwards  along  the  excretory  duct.  This 
canal,  named  the  Stenonian  duct,  runs  forward  from  the  gland, 
ot'er  the  masseter  muscle,  passes  obliquely  through  the 
buccinator  muscle,  and,  opposite  the  second  upper  molar 
tooth,  opens  by  amarrow  orifice  into  the  mouth.  It  is  about 
2|-  inches  long,  and  about  the  diameter  of  a crow-quill,  but  its 
orifice  is  very  minute.  The  gland  itself  consists  of  numerous 
compressed  lobes,  held  together  by  the  ramified  ducts  and 
blood-vessels,  and  by  areolar  tissue.  The  lobes  are  again 
divided  into  lobules,  each  of  which  is  a minute  racemose 
gland,  the  branched  ducts  of  which,  terminate  in  vesicles, 
about  of  an  inch  iu  diameter,  fig.  42,  c.,  each  being  sur- 
rounded by  a network  of  capillaries.  The  saliva,  secreted 
from  the  blood  into  these  vesicles,  flows  along  the  smaller 
branches  of  the  ducts,  into  the  main  canal  or  duct  of  Steno, 
and  is  thence  poured  into  the  mouth  at  a place  suitable  for 
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moistening  the  dry  food,  and  for  being  mixed  with  the 
alimentary  mass.  The  submaxiUcirij  glands  are  placed,  one  on 
each  side,  beneath  the  horizontal  part  of  the  lower  jaw, 
attached  by  their  ducts  and  blood-vessels,  and  supported  by  the 
cervical  fascia  and  certain  muscles.  Each  gland  is  of  a 
roundish  shape,  and  weighs  from  2 to  2^  drachms ; its  struc- 
ture resembles  that  of  the  parotid.  Its  chief  duct,  thinner 
than  that  of  the  parotid,  is  named  the  Whartonian  duct,  and  is 
about  2 inches  long ; it  runs  forwards  between  the  muscles, 
beneath  the  sublingual  gland,  to  the  side  of  the  frienum  ol'  the 
tongue,  where  it  opens  upon  a small  eminence  close  to  the 
duct  of  the  opposite  side.  These  glands,  therefore,  discharge 
their  saliva,  not  outside  the  jaws,  like  the  parotid  glands,  but  in- 
side the  lower  dental  arch,  their  secretion  being  pressed  up  into 
the  mouth  by  the  motions  of  the  tongue.  The  suhlingual  glands, 
the  smallest  of  the  salivary  glands,  are  somewhat  almond-shaped, 
and  weigh  each  about  one  drachm ; they  form  two  narrow 
oblong  ridges,  about  1-^  inch  long,  placed,  one  on  each  side, 
beneath  the  tongue.  Their  structure  resembles  that  of  the 
other  salivary  glands,  but,  instead  of  having  a common  duct, 
the  several  lobules  open  into  from  eight  to  twenty  ducts, 
named  the  Rivinian  ducts,  some  of  which,  including  one  large 
duct  named  the  duct  of  Bartholin,  joiir  the  Whartonian  duct, 
as  it  runs  for  a certain  distance  immediately  beneath  the 
gland.  The  saliva  from  the  sublingual  glands,  flows  into  the 
mouth,  beneath  the  tip  and  sides  of  the  tongue. 

The  mechanical  flow  of  the  saliva  into  the  mouth,  is  aided 
by  the  contraction  of  the  muscles  of  the  tongue  and  jaw 
engaged  in  mastication ; on  opening  the  mouth  before  a look- 
ing-glass, and  then  turning  up,  and  stiffening,  the  tongue,  the 
saliva  is  sometimes  seen  to  be  ejected  a considerable  distance, 
from  the  orifices  of  the  Whartonian  ducts. 

The  salivary  glands  all  receive  branches  from  the  sympa- 
thetic nervous  system ; the  parotid  glands  are  likewise 
supplied  by  the  fifth  pair  (its  auriculo-temporal  branch)  ; 
whilst  the  sublingual  and  submaxillary  glands  receive  nervous 
filaments  from  the  chorda-tympani  branches  of  the  facial 
nerves.  The  saliva  flows  intermittently  ; and  its  secretion  is 
excited  through  the  nervous  system,  by  the  agency  of  which, 
the  quantity  of  this  and  other  secretions,  is  chiefly  regulated 
(Vol.  L,  p.  333).  Thus,  the  presence  of  food,  especially  of  dry 
food,  in  the  mouth,  and  even  the  introduction  of  food  into  the 
stomach  through  a gastric  fistula,  stimulates  the  flow  of  saliva; 
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salt,  vinegar,  pepper,  and  other  condiments,  and  partic>_darly 
tobacco,  and  the  root  of  the  pellitory  of  Spain,  have  a still  more 
powerful  effect ; these  furnish  examples  of  reflex  stimulation 
of  the  salivary  secretion.  The  afferent  nerves  concerned,  are 
the  gustatory  branches  of  the  fifth  pair,  and  the  glossopharyn- 
geal nerves ; the  efferent  nerve-fibres  are  contained  in  the 
chorda-tympani  branches  of  the  facial  neiwes,  or  in  the  auri- 
culo-temporal  branches  of  the  fifth  pair.  The  nervous  centres 
are  the  submaxillary  ganglia,  and  the  cerebro-spinal  axis. 
Besides  this,  the  saliva  is  excited  to  flow  by  ideational  or  other 
mental  stimuli,  such  as  the  sight  of  food,  or  even  the  thought 
of  it.  The  act  of  speaking,  and  also  that  of  vomiting,  are 
preceded  by  a flow  of  saliva.  Fear  diminishes  or  arrests  it. 
Irritation  of  the  fourth  ventricle,  and  the  presence  of  certain 
substances  in  the  blood,  especially  of  mercury,  likewBe  increase 
the  flow  of  this  secretion.  The  effect  of  mercurialization  in 
e.xciting  a flow  of  saliva,  is  specific. 

The  mode  in  -which  the  nervous  system  influences  the 
secretion  of  saliva,  has  been  elucidated  by  the  interesting 
experiments  of  M.  Bernard.  When  the  sublingual  and  sub- 
maxillary glands,  exposed  in  an  animal,  are  at  rest,  little  or  no 
saliva  being  formed,  the  veins  are  seen  to  contain  a moderate 
quantity  of  dark  blood.  On  now  stimulating  the  glands,  in  a 
reflex  manner,  by  the  application  of  vinegar  to  the  tongue,  the 
arteries  sujjplying  them  dilate,  the  flow  of  blood  through 
these  vessels  becomes  quicker,  even  the  veins  pulsate,  the 
venous  blood  is  of  a bright  red  colom-,  and  there  occurs  a 
copious  flow  of  watery  saliva.  The  afferent  nerves  concerned 
in  this  reflex  act,  are  obviously  branches  of  the  gustatory  and 
glossopharyngeal  nerves  ; the  efferent  fibres  are  contained  in 
the  chorda  tympani ; for  if  either  this  or  the  facial,  from  which 
it  is  derived,  be  cut,  the  active  phenomena,  above  described, 
all  gradually  cease,  but  they  are  again  excited  by  imtation  of 
the  distal  ends  of  the  divided  nerves.  If  the  facial  nerve  be 
drawn  out  li'om  the  cranial  cavity,  irritation  of  the  glosso- 
pharjmgeal  no  longer  increases  the  flow  of  saliva.  The  efferent 
nerves  of  the  parotid  glands,  are  said,  by  Eckhard,  to  proceed, 
not  from  the  chorda  tympani  or  facial,  but  from  the  auriculo- 
temporal branch  of  the  fifth  pair.  As  already  stated  (Yol.  I., 
p.  333),  irritation  of  the  symjDathetic  branches  supplying  the 
sublingual  and  submaxillarj^  glands,  has  an  opposite  effect  to 
that  of  stimulating  the  fibres  of  the  chorda  tympani ; the 
secretion  from  the  glands,  then  becomes  scanty  and  thick,  the 
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arteries  small,  the  flow  of  blood  through  the  gland  diminished 
and  retarded,  and  the  venous  blood  dark.  To  explain  these 
opposite  phenomena,  it  is  assumed  that  the  sympathetic 
nervoiis  centres  cause  a contraction  of  the  muscular  coats  of 
the  smaller  arteries ; whilst  the  cerebro-spinal  centres  inhibit 
this  power,  and  so  induce  a relaxed  condition  of  the 
arterial  coats.  The  efferent  effect,  conveyed  through  the 
chorda  tympani  nerve-fibres,  is  therefore  not  motor,  but  of 
a special  kind,  controlling,  or  inhibiting,  the  action  of  the 
sympathetic  nerve-fibres  and  centres.  This  example  will 
suffice  to  illustrate  the  mode  in  which  secretion  generally,  is 
believed  to  be  influenced  through  the  nervous  system.  Lri- 
tation  of  the  sympathetic  nerves  does  not  alter  the  quality, 
but  only  lessens  the  quantity,  of  the  secretion  of  the  parotid 
glands.  According  to  Eckhard,  great  numbers  of  mucous 
corpuscles,  exhibiting  intrinsic  movements,  like  those  of  the 
Amoeba,  are  found  in  the  viscid  secretion  of  the  sublingual 
and  submaxillary  glands,  after  irritation  of  their  sympathetic 
nerves  ; such  corpuscles,  but  in  smaller  number,  exist,  as  we 
shall  see,  in  ordinary  saliva. 

The  chemical  composition  of  the  saliva  is,  according  to  Dr. 
Wright,  as  follows  : — 


Water  . 

. 98-81 

. = 

Ptyalin,  or  Salivin 

. -18^ 

Fatty  matter 

-05  1 

Albumen  with  Soda 
Mucus  . 

Yi  i- Solids 
. -26 

* = 

Ashes  . 

-41  1 

Loss 

•12-1 

100 


98-81 

1-19 


100- 


The  saliva,  thus  constituted,  is  a transparent  watery  fluid, 
destitute  of  smell ; its  specific  gravity  varies  from  1002  to 
1008.  Besides  fine  granular  pai'ticles,  mucous  corpuscles, 
derived,  for  the  most  part,  from  the  lingual  and  tonsillar  glands, 
and  epithelial  cells  detached  from  the  mouth,  the  saliva  con- 
tains the  so-called  salivary  corpuscles,  spheroidal  nucleated 
cells,  somewhat  resembling  the  white  blood  corpuscles,  which 
undergo  Amoeba-like  changes  in  form,  and  exhibit  a molecular 
movement  in  their  interior. 

The  quantity  of  saliva  secreted  in  twenty- four  hours  by  all 
the  glands,  has  been  estimated  at  from  1 to  3 lbs. : but  it 
differs  according  to  the  nature  of  the  food,  and  the  intervals 
between  the  meals.  Its  flow  is  increased  by  mastication. 
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but  is  aiTested  by  the  cessation  of  that  movement.  The  saliva 
from  the  parotid  gland,  is  very  thin  and  watery,  and  becomes 
more  abundant  during  mastication;  that  from  the  submaxillary, 
and  especially  from  the  sublingual  gland,  is  more  viscid,  and 
flows  more  constantly,  for  purposes  of  speech.  The  parotid 
glands,  when  active,  are  said  to  secrete  fi-om  eight  to  ten  times 
their  own  weight  in  one  hour.  When  first  secreted,  and 
especially  during  active  secretion,  the  sahva  is  alkaline  ; that 
of  the  submaxillary  gland  is  less  so  than  that  of  the  parotid. 
In  fasting,  the  moisture  of  the  mouth  is  nearly  neutral,  or 
even  acid,  at  that  time  consisting  probably  almost  entirely 
of  mucus,  ptyalin  or  salivin,  the  most  important  consti- 

tuent of  the  saliva,  is  an  albuminoid  substance.  Of  the  salts, 
the  tribasic  phosphate  of  soda  is  probably  the  cause  of  the  alka- 
linity of  the  secretion  ; besides  this,  there  are  found  chlorides 
of  sodium  and  potassium,  sulphate  of  soda,  phosphates  of  lime 
and  magnesia,  and  oxide  of  iron.  The  tartar  of  the  teeth  is 
formed  by  a deposit  of  these  earthy  salts,  mixed  with  mucus, 
and  the  remains  of  bacteria  or  vibrios ; it  contains  20  per  cent, 
of  animal  matter.  Urea  has  also  been  found  in  the  fluids  of 
the  mouth,  and  fraces  of  ammonia,  the  results  of  decomposi- 
tion. Thus  far,  the  salts  of  the  healthy  saliva  resemble  those 
of  the  blood ; but  it  contains  a pecuhar  and  remarkable  Siilt, 
named  the  sulphocyanide  of  potassium,  which  strikes  a deep 
red  colour,  with  a solution  of  a persalt  of  iron. 


Source  and  composition  of  the  Gastric  Juice. 

When  the  soft  pulpy  nurcous  membrane  of  the  stomach  is 
examined  under  a moderate  magnifying  power,  it  presents  a 
delicate  honeycomb  appearance  (fig.  93),  caused  by  numerous, 
shallow,  hexagonal,  or  polygonal,  depressions,  named  the  cells 
or  alveoli  of  the  stomach ; near  the  pylorus,  these  measure 
■j-^th  of  an  inch  in  width,  but  elsewhere  are  smaller  and  less 
distinct,  measuring  only  -j-J ^yth  to  ^-g-g-th  of  an  inch.  Between 
the  alveoli,  are  slightly  elevated  ridges,  upon  which,  especially 
near  the  pyloric  end  of  the  stomach,  are  minute  processes, 
which  somewhat  resemble  vdlli,  and  are  more  distinct  in  the 
influit.  No  lacteals,  however,  have  been  detected  in  them. 
At  the  bottom  of  the  alveoli  are  clusters  of  minute  spots  (tig. 
93),  which  are  the  oritices  of  tubular  follicles.  These  follicles, 
called  the  gastric  glands  or  tuhuli,  secrete  the  gastric  juice  ; 
they  are  arranged,  side  by  side,  in  little  groups  (tig.  94),  perpeu- 


THE  GASTEIC  GLAKDS. 


.09 


dicularly  to  the  surface  of  the  membrane,  and  form  almost  its 
entire  substance.  At  the  pyloric  end  of  the  stomach,  where 
the  mucous  membrane  is  thickest,  the  tubuli  are  the  longest, 
measuring  nearly  ^th  of  an  inch  in  length  ; towards  the  car- 
diac end,  where  the  mucous  membi'ane  is  thinnest,  they  are 
less  thickly  set,  and  become  gradually  shorter,  measuring  only 
th  of  an  inch  in  length ; their  average  diameter  is  about 
.j^.iyth  to  -g-^th  of  an  inch,  the  orifices,  c,  being  somewhat 
naiTower.  Each  follicle  is  somewhat  dilated,  or  flask-shaped, 
at  its  deeper  or  blind  end  ; the  larger  follicles  are  sometimes 
convoluted  or  varicose,  and  sacculated  at  the  blind  end,  or 
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Fig.  S3.  Minute  portion  of  the  surface  of  the  mucous  membrane  of  the 
human  stomach,  showing  the  polygonal  depressions  or  alveoli,  with  the 
elevated  ridges  between  them.  At  the  bottom  of  the  alveoli,  are  seen  the 
open  mouths  of  clusters  of  the  tubuli  of  the  stomach,  or  gastric  tubuli. 
Jlagnified  60  diameters.  (After  Boyd.) 

Fig.  94.  Perpendicular  section  through  a small  piece  of  the  mucous  mem- 
brane of  the  stomach,  to  show  the  clusters  of  the  gastric  tubuli.  a,  neck 
of  a single  tubule,  d,  dilated  end  or  fundus,  filled  with  glandular  epi- 
thelial cells,  c,  orifices  of  the  tubuli,  at  the  bottom  of  the  alveoli,  m, 
muscular  bundles  of  the  muscular  coat.  (After  Kolliker.)  Magnified 
40  times. 


even  subdivided  into  two,  or,  sometimes,  as  in  tlie  pyloric  por- 
tion of  the  stomach,  into  as  many  as  six  or  eight  short  saccu- 
lated tubuli.  These  tubuli  consist  of  extensions  of  the  gastric 
mucous  membrane.  The  upper  third  of  each  tubule,  next  to 
its  orifice,  is  lined  by  columnar  epithelial  cells  (fig.  95,  a), 
arranged  perpendicularly  on  the  basement  membrane.  This 
epithelium  is  continuous  with  that  at  the  bottom  of  the 
alveoli,  and  on  the  interalveolar  ridges,  and  indeed  is  similar 
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to  that  lining  the  stomach  generally.  In  the  lower  two-thirds 
of  each  tubule,  the  epithelium'  changes  its  character,  being 
composed  of  soft,  roundish,  oval,  or  compressed  nucleated  cells, 
b,  which,  very  much  larger  than  the  cylindrical  epithelial 
cells,  and  distended  with  granular  matter,  almost  or  completely 
block  up  the  cavity  of  the  tubule.  These  soft  epithelial  cells 
are  named  the  peptic  cells,  because  in,  or  by,  them,  the  gastric 
jmce,  or,  at  least,  its  characteristic  animal  substance,  called 
pepsin^  appears  to  be  formed.  Some  of  these  cells  are  present 
as  microscopic  elements  of  the  gastric  jmce.  The  tubuli, 
Avhich  are  said  to  number  about  five  millions,  are  sometimes 
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Pig.  95.  Single  gastric  tubiilus,  or  peptic  glanJ,  more  highly  magnified, 
a,  neck  of  the  tubule,  lined  with  columnar  epithelium.  6,  dilated  lower 
end,  or  fundus,  of  the  tubule,  filled  with  oval  nucleated  glandular 
epithelial  ceUs,  or  peptic  cells.  3Iagnified  70  diameters. 

named  the  peptic  glands.  Tliey  are  surrounded  by  a fine 
capillary  network;  minute  arteries  and  veins  pass  up  and 
down  between  them,  and  end  in  a capillary  plexus  on  tlie 
bottom  of  the  alveoli,  and  on  the  interalveolar  ridges.  The 
unstriped  muscular  fibres  found  in  the  submucous  coat,  are 
placed  immediately  beneath  these  glands,  and  probably  assist 
in  expelling  their  secretion. 

Besides  these  proper  gastric  or  peptic  glands,  there  are  found, 
especially  near  the  pylorus,  clusters  of  larger  simple  and  com- 
pound mucous  glands,  which  are  lined  throughout  with  cylin- 
drical epithelium,  and  are  supposed  to  secrete  gastric  mucus. 
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In  certain  conditions  of  the  stomach,  especially  during  and 
after  digestion,  and  also  in  irritation  and  inilanimation  of  this 
organ,  and  nearly  always  in  the  stomachs  of  infants,  nume- 
rous small,  milky-white,  elevated  spots  are  seen  scattered  over 
the  mucous  membrane.  These  consist  of  lenticular  closed  sacs, 
not  opening  on  thesurlace;  they  are  filled  with  a white,  senn- 
fluid  and  finely  granular  substance.  They  resemble  the  closed 
sacs  of  the  tonsils,  and  of  the  so-called  solitary  and  agminated 
glands  of  the  small  intestine,  to  be  hereafter  noted ; like  them, 
they  are  now  considered  to  be  appendages  of  the  absorbent 
system.  The  lymphatics  of  the  stomach  form  a fine  net-Avork 
near  the  surface  of  the  mucous  membrane,  and  coarser  plexuses 
in  the  submucous  coat,  all  intimately  connected  together. 

The  gastric  juice,  during  the  digestive  process,  or  under  the 
excitement  of  condiments,  small  stones,  and  other  irritant 
bodies,  exudes  from  every  part  of  the  mucous  membrane  of 
the  stomach,  Avhich  then  assumes  a bright  red  hue.  The 
secretion  pouring  from  the  tubules,  oozes  from  the  alveoli  in 
minute  drops,  Avhich  speedily  run  together,  and  cover  the  Avhole 
mucous  membrane.  This  has  been  seen  by  Dr.  Beaumont 
and  others,  in  the  case  of  Alexis  St.  Martin,  a Canadian  voy- 
ageur,  the  interior  of  Avhose  stomach  Avas  exposed  by  a gim- 
shot  injury. 

The  condition  of  the  stomach,  and  the  formation  of  the 
gastric  juice,  as  of  other  secretions,  are  influenced  by  the 
nervous  system.  It  Avas  shoAAUi,  by  Dr.  John  Eeid,  that  the 
diAUsion  of  both  pneumogastric  nerves,  in  the  neck  of  a dog, 
in  the  first  instance,  arrested  digestion  ; but  that,  if  the  animal 
lived  sufficiently  long,  the  process  might  be  restored ; for  then, 
generally,  the  state  of  emaciation,  Avhich  folloAved  the  ex- 
periment, Avas  removed,  acid  and  partly  digested  food  Avas 
A'omited,  and  absorption  and  chylification  took  place.  This 
restoration  of  function  Avas  not  due  to  reunion  of  the  divided 
neiwes,  for  portions  of  the  nerves  Avere  removed,  or  care  AA^as 
taken  to  keep  the  cut  ends  apart.  Bernard  also  found,  that, 
on  division  of  these  nerves,  the  stomach  became  pale,  its  Avails 
relaxed,  and  the  formation  of  gastric  juice  Avas  instantly 
arrested,  digestion  being  thus  stopped.  On  the  other  hand, 
galvanising  these  nerAms  increased  the  gastric  secretion.  Ac- 
cording to  Longet,  hoAAmver,  the  pneumogastric  nerves  are 
rather  the  motor  nen'es  of  the  stomach,  their  division,  as  he 
believes,  chiefly  affecting  the  movements  of  that  organ ; for 
he  found,  that  milk,  introduced  into  the  stomach  one  or  two 
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days  after  the  operation,  always  became  coagulated;  whilst, 
although  large  portions  of  food  were  only  acted  upon  on  the 
surface,  owing  to  the  paralysis  of  the  muscular  libres,  and  the 
necessary  absence  of  the  churning  movements  of  the  stomach, 
yet  small  portions  were  actually  digested.  By  Budge,  it  is 
believed,  that  the  very  decided  effect  of  division  of  these 
pneuniogastric  nerves  on  digestion,  noticed  by  Eeid  and 
Bernard,  was  owing  to  those  nerves  having  been  cut  in  the 
neck,  so  as  to  interfere  ^vith  respiration,  and  thus  disturb  the 
whole  economy ; for,  he’ observed  that,  on  dividing  them  in  the 
rabbit,  close  to  the  cardiac  orifice  of  the  stomach,  no  interfer- 
ence with  the  appetite,  the  gastric  secretion,  or  digestion,  oc- 
curred. Although,  therefore,  the  secretion  of  the  gastric  juice 
appears  to  be  influenced  by  the  cerebro-spinal  nervous  system, 
through  the  pneumogastric  nerves,  it  cannot  be  said  to  be 
dependent  upon  it.  The  effects  of  mental  emotion,  in  aiTesting 
digestion,  sufficiently  prove  this  influence. 

It  has  been  stated  by  Bernard,  that  galvanism  applied  to 
the  sympathetic  nerves  of  the  stomach,  causes  an  immediate 
cessation  of  its  secretion,  this  effect  being  the  reverse  of  what 
happens,  when  the  pneumogastric  nerves  are  so  stimulated. 
If  these  two  results  are  confirmed,  they  would  cori-espond  with 
those  already  detailed  (p.  56),  as  to  the  effects  of  stimulation 
of  the  sympathetic  nerves  and  the  chorda  tympani,  on  the 
secretion  of  the  sublingual  and  submaxillary  glands.  Neither 
division  of  the  splanchnic  nerves,  nor  section  of  the  pneumo- 
gastrics  upon  the  stomach,  that  is  to  say,  after  the  latter  have 
received  the  fibres  from  the  former  nerves,  has  appeared  to 
interfere  natch,  or  at  all,  with  the  gastric  secretion  (Schiff  and 
others) ; even  the  coeliac  plexus,  and  the  neighbouring  ganglia, 
have  been  removed  without  permanent  effect  (Budge).  It  would 
seem  impossible,  however,  in  any  such  experiments,  to  remove, 
or  divide,  all  the  sjmipathetic  nerves  of  the  stomach.  Finally, 
the  influence  of  this  part  of  the  nervous  system,  on  the  gastric 
secretion,  is  imcertain ; and  it  is  not  yet  shown  that  the  secre- 
tion is  either  arrested  by,  or  depends  on,  the  sympathetic 
system. 

The  quantity  of  the  gastric  juice  secreted,  appears  to  be 
enormous.  In  dogs,  the  daily  quantity  has  been  calculated  as 
TTyth  (Corvisart),  or  -j^th  (Lehmann),  part  of  the  weight  of 
the  body  ; the  latter  ratio  would  give  14  lbs.,  in  a man  of 
140  lbs.  weight,  a quantity  equal  to  rather  more  than  11  pints 
daily.  That  this  estimate,  however  large,  is  not  extreme,  is 


THE  GASTRIC  JUICE. 


63 


shown  by  the  fact  that,  in  a case  of  gastric  fistula,  in  a Avoman, 
the  estimated  daily  quantity  Avas  30^  lbs.  av.,  the  weight  of 
her  body  being  116  lbs.  From  observations  on  dogs,  having 
artificial  gastric  fistulse,  the  secretion  appears  to  be  less  abun- 
dantly excited  by  mechanical,  than  by  chemical  or  special 
irritants,  such  as  salt  or  pepper ; acid  food  excites  a less  abundant 
fiow  than  food  made  slightly  alkaline ; but  alkali  in  the  solid 
state,  induces  an  abundant  secretion  of  mucus.  Too  poAverful 
mechanical  irritation  has  a similar  effect,  lessening,  or  arresting, 
the  secretion  of  proper  gastric  juice,  and,  in  both  cases, 
vomiting,  and  the  passage  of  bile  into  the  stomach,  may  take 
place.  PoAverful  chemical  irritants  arrest  digestion,  and  cause 
signs  of  inflammation.  The  effect  of  cold  Avater,  or  ice,  is, 
after  first  causing  the  gastric  membrane  to  be  pale,  ultimately 
to  increase  the  Aoav  of  blood  to  it,  and  to  excite  a very  active 
secretion ; ice,  in  larger  quantity,  causes  shivering,  and  delays 
digestion.  A high  temperature,  even  a small  quantity  of 
boiling  water,  produces  collapse  and  death  Avithin  four  hours, 
causing  redness,  turgescence,  and  ecchymosis  of  the  mucous 
membrane  (Bernard).  Dr.  Beaumont  found  that,  on  injecting 
into  the  human  stomach  only  2 ozs.  of  water  at  50°,  the  tem- 
perature of  this  organ  Avas  depressed  to  less  than  70°,  and 
required  more  than  half-an-hour  to  regain  its  normal  standard, 
viz.  about  100°. 

The  specific  gravity  of  the  gastric  juice,  in  Man,  is  1002'5  ; 
in  the  dog,  1005.  The  quantity  of  solids  is  about  '5  per 
cent.  It  is  a colourless,  or  pale  yelloAV,  transparent,  slightly 
viscid,  and  strongly  acid  fluid,  having  a faint  smell.  It  resists 
putrefaction,  and  is  rendered  turbid  on  boiling.  Its  com- 
position, mixed  Avith  a little  saliva,  is  as  folloAvs  (Schmidt)  : — 


Water 

. 994-4 

Pepsin,  Awth  other  organic  matter . 

3-2 

Salts  ....... 

2-2 

Free  hydrochloric  acid 

•2 

1000- 

The  gastric  juice  of  the  dog,  contains  ten  times  as  much  free 
acid,  and  five  times  as  much  organic  matter  ; that  of  the  sheep, 
six  times  as  much  acid,  and  a little  more  organic  matter; 
that  of  the  horse,  is  somewhat  more  concentrated. 

The  small  quantity  of  solid  matter  in  the  gastric  juice,  is 
remarkable,  considering  its  extremely  active  poAvers.  The 
pepsin,  its  characteristic  constituent,  is  a neutral,  albuminoid, 
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substance,  slightly  soluble  in  water,  forming,  on  evaporation,  a 
greyish  viscid  mass,  and  having  a strong  affinity  for  acids.  It 
is  precipitated  by  tannin,  acetate  of  lead,  caustic  alkalies, 
alum,  and  alcohol.  The  saline  matters  consist  chiefly  of 
alkaline  and  earthy  chlorides  and  phosphates.  A small  amount 
of  lactic  acid  exists  in  the  gastric  juice,  but  Avhether  as  a pro- 
duct of  secretion,  or  of  decomposition,  is  not  certain ; by 
Bernard  and  others,  it  is  even  believed  to  be  the  special  acid 
of  the  gastric  juice.  Acetic,  butyric,  and  other  volatile  acids 
are  certainly  the  result  of  changes  in  the  food.  The  presence 
of  free  hydrochloric  acid  is  undoubted,  inasmuch  as  chlorine  is 
found  in  the  gastric  juice  in  larger  quantity  than  the  bases 
wlricli  could  combine  with  it ; and  moreover,  this  acid  has 
been  obtained  by  the  method  of  dialysis,  and  therefore  inde- 
pendently of  chemical  decomposition  (Graham).  Its  existence 
affords  a singular  example  of  the  liberation  of  a mineral  acid 
from  its  strongly  combined  base,  by  an  organic  process  in  the 
living  animal  economy.  The  source  of  this  acid  is  probably 
chloride  of  sodium,  or  common  salt ; and  the  seat  of  its  de- 
composition, like  that  of  the  formation  of  the  pepsin,  is  pro- 
bably the  soft  glandular  epithelial  cells,  or  peptic  cells ; but  it 
has  been  suggested,  that  it  may  be  secreted  by  the  columnar 
epithelial  cells  of  the  upper  part  of  the  tubuli  and  gastric 
mucous  membi’ane  generally  (Brinton).  It  is  supposed  bv 
Brlicke,  that  the  pepsin  is  neutral  when  contained  in  the 
peptic  cells,  and  becomes  acidified  only  after  its  escape  from 
these  cells ; for  the  pepsin  obtained  from  the  gastric  mucous 
membrane  of  the  animal,  after  its  acidity  has  been  removed  by 
washing,  is  neutral.  It  has  also  been  shown  by  Bernard,  that, 
Avhereas  the  introduction  of  lactate  of  iron,  and  ferrocyanide 
of  potassium  into  the  blood  of  a living  animal,  produces  no 
blue  colour  in  the  blood,  tissues,  or  secretions  generally,  nor 
even  in  the  gasfric  glands,  yet  the  surface  of  the  mucous 
membrane  of  the  stomach  is  stained  blue.  Other  parts  of  the 
body,  moreover,  become  blue  on  the  application  of  an  acid. 
This  experiment,  therefore,  also  favours  the  supposition  that 
the  acid  of  the  gastric  juice  is  formed  near,  or  at,  the  surface. 
It  is  uncertain  whether  the  separation  of  the  hydrochloric 
acid,  is  a direct  result  of  an  act  of  secretion  by  secreting  cells, 
or  whether  it  is  a secondary  product  of  a decomposition,  in- 
duced by  the  action  of  some  other  intermediately  formed  fl-ee 
organic  acid.  The  quantity  of  solid  matter  in  the  gastric 
juice,  and  the  relative  amount  of  organic  and  saline  consti- 


THE  LIVEE. 


65 


tuents,  differ  in  different  animals.  It  is  universally  acid,  but 
the  nature  of  the  acid,  as  well  as  that  of  the  organic  peptic  agent, 
may  vary  in  certain  cases,  according  to  the  species,  age,  and 
diet  of  the  animal.  When  the  stomach  is  at  rest,  its  mucous 
secretion  is  neutral  or  alkaline,  semi-opaque,  and  more  viscid 
than  the  gastric  juice. 


Source  and  Composition  of  the  Bile. 

The  liver  is  a solid  organ  of  a dark  reddish  brown  colour, 
measuring  10  or  12  inches  from  side  to  side,  about  7 inches 
from  front  to  back,  and  about  3 inches  in  thickness  at  its 
posterior  margin,  its  anterior  edge  being,  however,  thin.  Its 
average  bulk  has  been  differently  estimated  at  88  or  100  cubic 
inches ; its  weight  varies  from  50  to  60  ounces.  It  is  the 
largest  secreting  gland  in  the  body,  and,  with  the  exception 
of  the  lungs,  occupies  more  space  tlian  any  other  organ.  It 
secretes  the  bile,  the  importance  of  which  office  is  shown  by 
the  fact,  that  the  liver  is  found  in  all  the  Vertebrate,  and  in 
most  of  the  non -Vertebrate  animals. 

The  substance  of  the  liver  has  a sp.  gr.  of  1050  to  1060. 
It  has  an  acid  re-action  ; its  composition,  in  Man,  in  100  parts, 
is  said  to  be  as  follows  (Beale).  The  extractive  matters  men- 
tioned include  the  amyloid  substance  named  glycogen,  a 
certain  quantity  of  sugar,  with  traces  ofinosite,  hypoxanthin, 
xanthoglobulin,  urea,  and  uric  acid. 
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The  liver  is  placed  in  the  uj)per  part  of  the  abdomen, 
beneath  the  diaphragm,  reaching  from  back  to  front,  and 
from  the  right  side  partly  over  into  the  left.  Its  upper 
surface  is  smooth  and  convex,  and  is  adapted  closely  to  the 
diaphragm.  Its  thick  posterior  border  rests  on  the  pillars  of 
the  diaphragm  and  on  the  vertebral  column,  being  hollowed 
out  opposite  the  latter,  and  presenting  also  a deep  notch  for 
the  ascending  vena  cava.  The  thin  anterior  border  is  con- 
cealed, in  the  recumbent  posture,  by  the  lower  ribs  and  their 
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cartilages,  bnt  descends  a little  below  these  parts,  in  standing, 
especially  during  inspiration,  when  the  diaphragm  descends 
(see  fig.  13).  This  border  is  slightly  notched,  a little  to  the 
left  of  the  middle  line.  The  right  border  of  the  liver,  nearly 
as  thick  as  its  posterior  border,  descends  lower  than  the  left, 
and  is  in  contact  with  the  diaphragm ; the  left  border,  thinner 
even  than  the  anterior  margin,  extends  upwards  to  the  cardiac 
end  of  the  stomach.  The  under  surface,  fig.  9G,  is  concave 
and  very  uneven,  presenting  various  slight  depressions,  where 
it  touches  the  stomach,  the  duodenum,  the  bend  of  the  ascend- 
ing and  transverse  colon,  the  right  kidney,  and  its  supra- 
renal capsule  ; this  surface  is  also  marked  by  special  fossaj  or 
fissures  for  the  lodgment  of  the  gall-bladder,  and  for  the 
entrance  and  exit  of  bloodvessels,  lymphatics,  nerves,  and 
ducts. 

The  greater  part  of  the  surface  of  the  liver,  is  covered  by 
the  peritoneum,  by  which  its  slight  changes  of  position  in  the 
abdomen,  are  facilitated.  At  certain  points,  this  serous  mem- 
brane passes,  in  the  form  of  folds,  to  the  abdominal  walls,  and 
thus  aids  in  supporting  or  suspending  the  liver.  These  folds 
constitute  four  of  the  five  ligaments  of  the  liver.  The  broad, 
suspensory,  or  falciform,  ligament  is  a triangular  double  fold.' 
attached  by  one  border  to  the  diaphragm,  and  to  the  anterior 
wall  of  the  abdomen  as  far  as  the  umbilicus,  and  by  the  other, 
to  the  upper  surface  of  the  liver,  as  far  as  the  notch  in  its 
anterior  margin  ; the  remaining  border  is  free,  and  extends 
from  the  notch  in  the  liver,  to  the  umbilicus.  This  latter 
border  contains  a dense  fibrous  cord,  named  the  round  ligament, 
ligamentum  teres,  fig.  96,  a,  which  is  formed  by  the  remains  of 
the  umbilical  vein,  a structure  Avhich  becomes  obliterated  after 
birth.  A considerable  portion  of  the  thick  posterior  border 
of  the  liver,  is  attached,  by  areolar  tissue,  to  the  diaphragm, 
and  is  therefore  not  covered  by  peritoneum,  which,  instead, 
passes  from  one  part  to  the  other,  forms  the  so-called  coronary 
ligament,  and  thus  helps  to  suspend  the  liver  to  the  diaphragm. 
The  right  and  left  lateral  ligaments  are  triangular  peritoneal 
folds,  strengthened  by  intermediate  fibrous  tissue,  which  pass 
from  each  side  of  the  liver  to  the  diaphragm. 

The  liver  is  described  as  consisting  of  five  lobes.  Thus,  it 
is  divided  by  the  notch  in  its  anterior  margin,  and  by  the  line 
of  attachment  of  the  suspensory  ligament  to  its  upper  surface, 
into  a right,  I,  and  left  lobe,  V,  the  former  being  quadrangular 
in  shape,  and  the  latter  somewhat  triangular,  and  constituting 
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only  about  one-fifth  of  the  entire  organ.  A deep  fissure  on 
the  under  surface,  also  marks  the  limit  between  these  lobes. 
On  its  under  surface,  the  light  lobe  is  further  divided  into  the 
following  smaller  lobes  : viz.  the  Spigelian  lobe,  a pyramidal 


Fig.  96. 


Tip:.  96.  View  of  the  under  surface  of  the  liver  and  stomach,  lifted  up,  to 
show  the  duodenum,  pancreas,  and  spleen,  and  their  mutual  relations, 
s.  the  under  or  posterior  surface  of  the  stomach,  which  is  lifted  up. 
0,  the  oesophagus,  p,  the  p,yloru.s.  d,  the  horse-shoe  curve  of  the  duo- 
denum. or  first  part  of  the  small  intestine.  I,  under  side  of  tlie  right 
lobe  of  the  liver.  V,  I',  under  side  of  the  left  lobe,  the  liver  being  turned 
up.  a,  small  piece  of  the  round  and  suspensory  ligament  of  the  liver. 
ff,  under  side  of  the  gall-bladder,  ending  below  in  the  cystic  duct : this 
is  joined  by  the  hepatic  duct,  formed  by  the  union  of  a right  and  left 
duct,  from  the  two  lobes  of  the  liver.  The  common  duct,  resulting  from 
the  union  of  the  cystic  and  hepatic  ducts,  the  ductus  communis  chole- 
dochus,  or  common  bile  duct,  passes  down,  as  shown  by  the  dotted  lines, 
behind  the  duodenum,  to  end  with  the  pancreatic  duct,  also  shown  by 
dotted  lines, by  a common  orifice,  on  a papilla,  in  the  duodenum,  b,  the 
)>aiicreas,  attached  to  the  curve  of  the  duodenum  ; it  is  partly  di'sected 
to  show  its  Central  duct,  with  its  branches,  the  eiul  of  it  being  indicated 
by  dotted  lines,  as  above  described,  m,  the  spleen,  attached  to  the  left 
end  of  the  stomach  and  pancreas:  its  anterior  notched  border  is  seen. 
The  drawing  indicates  the  dark  colour  of  the  spleen  and  liver,  and  the 
white  Colour  of  the  pancreas. 


mass  situated  near  the.  hinder  border ; the  caudate  or  tailed 
lobe,  passing  forwards  from  the  Spigelian  lobe;  and,  lastly, 
the  square  or  quadrate  lobe,  placed  between  the  gall-bladder 
and  the  line  of  demarcation  between  the  right  and  left  lobes.' 
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The  liver  also  presents,  on  its  under  surface,  five  fossa  or 
fssures,  in  which  are  contained  important  vessels  and  ducts. 
The  longitudinal  fissure  passes,  from  before  backwards,  be- 
tween the  right  and  left  lobes,  and  is  divided  into  two  parts; 
the  anterior  part  is  named  the  nmhilical  fissure,  which  con- 
tains, before  birth  the  umbilical  vein,  but  afterwards,  the  round 
ligament,  the  fibrous  cord,  left  after  the  obliteration  of  that 
vein ; the  posterior  part,  called  the  fissure  of  the  ductus  venosus, 
contains,  before  birth,  the  large  vein  so  named,  and  subse- 
quently the  fibrous  cord  remaining  after  its  closure.  Thirdly, 
extending  nearly  at  right  angles  from  the  junction  of  the 
umbilical  fissure  with  the  fissure  of  the  ductus  venosus,  to 
about  the  centi-e  of  the  right  lobe,  is  the  transverse  ov  portal 
fissure,  or  porta,  the  gate,  sometimes  called  the  hilus  of  the 
liver ; through  this  the  chief  bloodvessels,  lymphatics,  neiwes, 
and  ducts  of  the  liver  pass  in  and  out  (see  fig.  96).  The 
principal  A'essel  which  enters  here,  is  a large  vein,  the  vena 
portce  or  portal  vein.  The  fourth  fissure  is  the  notch  on 
the  posterior  border  of  the  liver,  which  joins  the  fissure  for  the 
ductus  venosus,  and  lodges  the  ascending  vena  cava  and 
the  orifices  of  the  so-called  hepatic  veins.  The  fifth  fissure 
receives  the  upper  side  of  the  gall-bladder. 

The  liver  possesses  three  sets  of  bloodvessels,  two  convey- 
ing blood  to  it ; viz.  the  portal  vein  and  the  hepatic  arterg, 
and  a third  set,  the  hepatic  veins,  which  carry  the  blood  fi-om 
it.  The  liver  in  Man,  and  in  the  Vertebrata  generally,  is  re- 
markable for  being  supplied,  partly  by  venous,  and  partly  by 
arterial,  blood,  for  the  portal  vein,  contrary  to  the  u.«ual  office 
of  a vein,  conveys  blood  into  the  liver.  This  portal  vein,  fig. 
97,  p,  is  formed  by  the  union  of  the  veins  of  the  abdominal 
organs  of  digestion  and  sanguification,  excepting  the  Ih'er 
itself,  viz.  by  those  of  the  stomach,  s,  small  intestine,  i,  large 
intestine,  co,  except  the  lower  two-thirds  of  the  rectum,  r,  of 
the  gall-bladder,  pancreas,  d,  and  spleen,  in.  The  veins,  from 
these  parts,  unite  to  form  the  superior  mesenteric  and  splenic 
veins,  which  join  to  constitute  the  vena  portae.  The  venous 
trunk  thus  formed,  p,  is  of  great  size,  being  more  than  half  an 
inch  in  diameter.  It  ascends  to  the  under  surface  of  the  liver, 
and  entering  the  portal  fissure,  there  divides  into  a right  and 
left  branch,  for  the  corresponding  lobes  of  the  liver,  in  the 
substance  of  which  it  ramifies  Like  an  artery.  The  hepatic 
ai’tery,  which  also  conveys  blood  to  the  liver,  is  a branch  of 
the  cceliac  axis,  a short  trunk  given  olF  from  the  abdominal 


Fig.  97. 


Fif?.  97.  Diagram  to  show  the  large  vessels  concerned  in  the  so-called  nortal 
circulation.  The  trunk,  or  body,  is  supposed  to  be  divided  down  the 
middle  lino,  so  as  to  show  the  cavity  of  the  thorax  or  chest,  above  the 
arched  diaphrag  u,  and  that  of  the  abdomen  below  it.  In  the  abdomen, 

l,  is  the  liver ; s,  the  stomach ; d,  a section  of  the  duodenum,  and  pan- 
creas ; i,  the  small  intestine ; co,  a part  of  the  colon ; r,  the  rectum ; 

m,  the  lower  end  of  the  spleen;  and  k,  the  right  kidney.  The  blood  to 
all  these  parts,  is  supplied  through  arteries  which  are  branches  of  the 
abdominal  aorta,  marked  a.  From  the  rectum,  r,  and  the  kidney,  k, 
the  blood  is  returned  by  veins,  which  end  in  the  great  ascending  vein, 
named  the  ascending  vena  eava,  marked  e,  which  conveys  the  venous 
blood  directly  through  the  diaphragm,  and  into  the  right  side  of  the 
heart,  o.  But  the  blood  from  the  stomach,  s ; spleen,  m ; duodenum  and 
pancreas,  d \ small  intestine,  i\  and  large  intestine,  co  (excepting  the 
rectum,  r),  is  collected  by  venous  branches,  which  end  in  a large  venous 
trunk,  named  the  vena  portae,  or  portal  vein,  p,  by  which  this  venous 
blood  is  conveyed  to,  and  distributed  by  branches  through,  the  liver. 
From  this  organ,  it  is  collected  by  other  veins,  which  unite  to  form  the 
hepatic  veins,  h,  which  then  join  the  ascending  vena  cava,  c,  and  so  reach 
the  right  side  of  the  heart. 
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aorta,  a ; it  enters  the  liver,  by  the  side  of  the  vena  port®,  at 
the  portal  fissrrre,  and,  like  that  vein,  divides  into  a right  and 
left  branch  for  the  corresponding  lobes.  The  hepatic  veins, 
which  convey  the  blood  from  the  liver,  converge  from  all 
parts  of  the  organ,  to  the  notch  in  its  posterior  border,  where 
they  enter  the  ascending  vena  cava,  by  two  or  three  main 
trunks,  and  thus  the  blood  from  the  liver,  mixed  Avith  that 
from  the  loAver  half  of  the  body,  ascends  to  the  heart. 

The  liver,  like  all  secreting  glands,  is  proA'ided  Avith  ducts. 
These,  named  the  hepatic  ducts,  form,  as  they  issue  from  the 
gland,  tAvo  principal  trunks,  one  from  the  right,  the  other  from 
the  left  lobe.  They  emerge  at  the  bottom  of  the  portal  fissure, 
Avhere  the  tAvo  chief  divisions  of  the  portal  A-ein  and  hepatic 
artery  enter,  and  then  unite  to  form  a single  duct  named  the 
hepatic  duct,  ductus  choledochus,  or  hile  duct.  HaA’ing  de- 
scended for  about  tAvo  inches,  this  joins  another  duct,  proceed- 
ing from  the  gall-bladder,  fig.  9G,  g,  named  the  cystic  duct, 
and  so  forms  the  ductus  communis  choledochus,  or  common 
hile  duct.  This  latter  duct  is  about  three  inches  long,  and 
tAvo  or  three  lines  AA'ide  ; passing  doA\Ti  behind  the  duodenum, 
d,  it  reaches  the  left  or  concaA^e  border  of  the  intestine,  where 
it  comes  in  contact  Avith  the  pancreas,  and  soon  after,  Avith  the 
duct  of  that  gland,  or  pancreatic  duct,  fig.  88,  a,  fig.  96.  The 
two  ducts  then  pass  together,  and  obliquely,  through  the 
Avails  of  the  duodenum,  for  about  three-quarters  of  an  inch,  and 
finalljq  opposite  the  junction  of  the  middle  and  loAver  parts  of  the 
duodenum,  about  three  inches  beloAv  the  pylorus,  open  upon  a 
slight  eminence  of  the  mucous  membrane,  by  a common  and 
.slightly  constricted  orifice,  provided  Avith  a kind  of  sphincter. 
Sometimes,  hoAvever,  the  biliary  and  pancreatic  ducts  open 
separately  into  the  duodenum. 

The  lymphatics  of  the  liver  are  either  superficial  or  deep ; 
the  former  ramify  upon  its  simface,  the  latter  emerge  at  the 
])ortal  fissure.  The  nen-es  are  comparatively  feAv  in  number; 
they  are  derh'ed  chiefly  from  the  sympathetic  system,  and.  as 
usual  Avith  those  nerves,  are  supported  on  the  arteries.  The 
pneumo-gastric  nerves,  especially  the  left,  also  supply  a feAv 
branches  to  the  liver.  The  right  phrenic  nerA-es  send  filaments 
to  the  peritoneal  coat.  Beneath  the  partial  peritoneal  invest- 
ment, the  liA^er  possesses  a proper  areolar  coat,  which  covers 
its  Avhole  surface,  and,  at  the  portal  fissrue,  passes  into  the 
interior  of  the  organ,  and  becomes  continuous  with  a loose 
areolar  tissue,  named  the  capsule  of  Glisson,  to  be  presently 
described. 
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The  proper  substance  of  the  liver,  is  firm,  and  presents,  on  a 
section,  a reddish-broAvn  mottled  aspect.  It  is  composed  of 
a multitude  of  compressed  2:>olyhedral  masses,  about  the 
size  of  a pin’s  head,  measuring  from  -g^th  to  ^brth  of  an 
inch  in  diameter,  named  the  hepatic  lobules ; they  cause 
the  granular  appearance  of  the  torn  surface  of  the  liver. 
These  little  portions  of  gland  substance,  are  held  together 
by  the  ultimate  ramifications  of  the  bloodvessels  and  ducts, 
and  also  by  a fine  areolar  tissue,  occupying  the  inter- 
lobular spaces,  and  named  the  interlobular  tissue,  which  is 
itself  connected,  on  the  surface  of  the  gland,  with  the  areolar 
coat.  The  hepatic  lobules  are  closely  arranged  around  cer- 
tain canals,  which  commence  at  the  portal  fissure,  branch 
out  in  aU  directions  through  the  gland,  becoming  smaller 
and  smaller  as  they  proceed,  and  ultimately  lose  them- 
selves in  tlie  interlobular  spaces.  These  are  portal  canals, 
which  contain  not  only  the  branches  of  the  portal  vein,  but 
also  those  of  the  hepatic  artery,  and  hepatic  ducts,  the  deep 
lymphatics,  and  the  nerves.  Surrounding  and  supporting  those 
vessels,  ducts,  and  nerves,  is  found  the  loose  areolar  tissue, 
named  Glisson’s  capsule,  which,  outside  and  beyond  the  portal 
canal,  is  continuous  with  the  interlobirlar  tissue.  A transverse 
section  through  a portal  canal,  shows  a roundish  space  in  the 
gland-substance,  occupied  chiefly  by  a section  of  a portal  vein, 
with  which,  however,  are  associated  one  or  two  branches  of 
the  hepatic  artery,  and  hepatic  duct,  the  whole  being  embedded 
in  the  capsule  of  Glisson;  the  arteries  are  smaller  than  the  duct ; 
the  canal  also  contains  lymphatics,  invisible,  rmless  injected, 
and  nerves  supjDorted  upon  the  arteries  ; in  the  smallest  portal 
canals,  the  parts  are  not  so  distinct.  The  hepatic  veins  do  not 
lie  in  the  portal  canals,  but  pursue  a separate  course  through 
the  liver,  the  branches  of  these  being  seen,  on  a section,  passing 
along  through  the  gland,  immediately  surrounded  by  the  lobules. 
As  the  portal  veins  diverge  from  the  portal  fissure,  Avhilst  the 
hepatic  veins  converge  to  the  posterior  border  of  the  gland, 
their  branches  cross  each  other ; moreover,  they  have  very 
different  relations  to  the  hepatic  lobules. 

Each  minute  lobule  has  one  aspect,  which  is  named  its  base, 
whilst  its  other  surfaces  are  called  its  sides.  The  bases  of 
all  the  lobules  rest  upon  the  so-called  sublobular  veins,  which 
are  branches  of  the  hepatic  vein,  the  inner  surface  of  rvhich, 
as  shown  Avhen  they  are  opened,  is  marked  by  the  polygonal 
outlines  of  the  bases  of  the  lobules.  When  divided  trans- 
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versely,  the  lobules  are  polyhedral ; when  cut  longitudinally, 
they  present  a foliated  appearance,  and  are  seen  to  be  sup- 
ported on  the  sublobular  hepatic  veins,  like  sessile  leaves  upon 
a leaf-stalk. 

The  sides  of  the  lobules  are  turned  toAvards  each  other  in  the 
interlobular  spaces,  towards  the  portal  canals,  or  to  the  surface 
of  the  liver.  The  portal  veins,  ramifying  in  the  portal  canals, 
give  off  branches  Avhich  enter  the  interlobular  spaces,  and  are 
hence  named  interlobular  veins-,  from  these,  still  finer  branches 
penetrate  the  sides  of  the  lobules,  and  end,  Avithin  them,  in  the 
so-called  lobular  venous  plexus,  or  lobular  capillary  netivork. 
From  this  netAvork,  proceeds  a small  A^ein,  occupying  the  centre 
of  each  lobule,  named  the  intra-lobular  vein,  and  belonging  to 
the  hepatic  venous  system  ; it  opens  by  a minute  orifice, 
situated  in  the  middle  of  the  base  of  the  lobule,  into  the  cor- 
responding sublobular  vein. 

It  Avill  thus  be  seen,  that  the  blood  of  the  portal  A'ein,  is 
conveyed,  by  the  portal  interlobular  veins,  to  the  sides  of  the 
lobules,  and  tlnis  reaches  their  internal  vascidar  plexus,  from 
Avhich  it  is  collected  by  the  hepatic  intralobular  A^eins,  and 
so  passes  out,  at  the  bases  of  the  lobides,  into  the  sublobular 
hepatic  veins,  by  Avhich  it  is  ultimately  conveyed  aAvay. 

From  the  pecAiliar  distribution  of  the  branches  of  the  portal 
and  hepatic  venous  systems,  in  each  lobule,  it  folloAvs  that  a con- 
gested state  of  either,  influences  the  mottled  coloirr  of  the  hver 
in  a characteristic  manner.  Thus  Avhen  the  hepatic  system  is 
congested,  a rather  freqrtent  occurrence,  the  centre  of  each 
lobule  is  dark,  and  the  circumference  paler  ; Avhilst  in  portal 
congestion,  Avhich  is  rare,  and  occurs  chiefly  in  children,  the 
centre  of  each  lobule  is  pale,  and  the  marginal  part  dark. 
From  the  great  size  of  the  portal  vein,  as  compared  Avith  the 
hepatic  artery,  it  is  eAudent  that  the  Ih'er  is  chiefly  supphed 
by  venous  blood.  But  eA-en  the  arterial  blood  furnished  to 
this  organ,  by  the  hepatic  artery,  appears  to  become  venous 
and  portal,  before  it  reaches  the  plexus  Avithin  the  lobule.  The 
hepatic  artery  is  a nutrient  vessel,  supplying  the  frameAvork. 
and  not  the  secreting  tissixe,  of  the  liA-er  ; its  branches  termi- 
nate in  a capillary  netAvork,  in  the  coats  of  the  bloodvessels 
and  ducts,  in  the  areolar  tissue  of  the  capsule  of  Glisson,  the 
interlobrdar  tissue,  and  the  areolar  coat  of  the  hA'er;  from 
these  parts,  the  blood,  noAv  become  A'enous,  is  beheA-ed  to  be 
returned  into  the  smaller  portal  veins,  and  in  this  indirect 
manner  only,  to  reach  the  hepatic  lobules.  According  to  this 
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view,  amongst  the  sources  of  the  portal  blood,  must  be  included, 
not  only  the  stomach,  intestinal  canal,  pancreas,  gall-bladder, 
and  spleen,  but  also  the  non-secreting  part  of  the  liver  itself. 

The  secreting  portion  of  the  liver  is  composed,  in  each 
loljule,  first  of  the  lobular  capillary  network  or  venous  plexus, 
already  mentioned,  as  interposed  between  the  termination  of 
the  portal  and  the  commencement  of  the  hepatic  venous 
sj'stems ; secondly,  of  an  intermediate  gland- sub  stance  or  paren- 
chyma, occupying  the  interstices  of  this  capillary  network ; and, 
thirdly,  of  the  commencements  of  the  hepatic  or  biliary  ducts. 
The  gland-substance  consists  of  roundish,  or  flattened,  poly- 
hedral, nucleated  cells,  having  a delicate  cell-wall,  one  or  two 
bright  vesicular  nuclei  with  nucleoli,  and  certain  faintly 
yellowish,  semi-fluid,  amorphous,  granular  contents,  in  which 
are  commonly  found  larger  or  smaller  globules  of  oily  matter. 
These  very  peculiar  cells,  are  named  the  hepatic  cells  ; they 
vary  from  to  xwoth  of  an  inch  in  diameter.  They  are 

the  true  secreting  gland-cells  of  the  liver,  their  contents 
closely  resembling  the  bile,  which  is  secreted  by  them.  The 
relations  of  these  cells  to  the  finest  commencements  of  the 
biliary  ducts,  and  the  mode  of  commencement  of  those  ducts, 
are  difficult  points  for  investigation.  The  clusters  of  the 
hepatic  cells  occupy  the  interstices  of  the  lobular  venous 
plexris,  and,  whatever  may  be  their  relation  to  the  finest  com- 
mencements of  the  ducts,  or  in  whatever  mode  the  bile,  formed 
within  these  cells,  passes  into  the  ducts,  the  hepatic  cells 
themselves  lie  outside  the  venous  plexus,  and  this  has  no 
direct  communication  with  the  ducts.  The  hepatic  cells, 
moreover,  are  an-anged  in  lines  or  roAvs,  Avhich  radiate, 
amongst  the  blood\'essels,  from  the  centre  toAvards  the  circum- 
ference of  the  lobule.  By  most  anatomists,  these  rows  of  cells 
are  said  to  be  supported  on  a thin  basement  membrane,  Avhich 
is  continuous  Avith  the  Avails  of  the  commencing  efferentbihary 
tubes  or  ducts,  so  that  the  liver  might  be  regarded  as  a com- 
plex gland,  having  ramified  anastomosing  ducts  (Beale  and 
Eetzius).  According  to  another  vicAV,  hoAvever,  the  hepatic 
cells  are  merely  arranged  around  the  network  of  the  lobular 
plexus,  and  are  unsupported  by  a proper  basement  membrane 
(Kolliker). 

The  gall-bladder. — The  hepatic,  cystic,  and  common  bile 
ducts,  already  described,  are  composed  of  a strong  areolar 
coat,  containing  a fcAv  muscular  fibres,  and  lined  by  a mucous 
membrane  covered  Avith  a columnar  epithelium  ; in  the  finest 
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ducts,  the  epithelium  is  squamous.  The  walls  of  these  ducts 
present  generally  minute  racemose  mucous  glands,  the  open- 
ings of  which,  are  arranged  in  rows  within  the  ducts.  The 
cystic  duct  which  leads  to  the  gall-bladder,  has,  in  its  interior, 
a series  of  obhque  crescentic  projecting  ridges  or  folds,  follow- 
ing each  other  closely,  so  as  to  present  the  appearance  of  a 
spiral  valve. 

The  gall-hladcler,  fig.  96,  is  a pear-shaped  sac,  from  3 
to  4 inches  long,  about  1 inch  across  at  its  -widest  part, 
and  holding  rather  more  than  one  fluid  ounce.  It  is  lodged 
in  a fossa  on  the  under  surface  of  the  liver  ; its  larger  end  or 
fundus,  projects  beneath  the  anterior  border  of  the  gland; 
whilst  its  narrow  end  or  neck,  directed,  beneath  that  organ, 
upwards,  backwards,  and  to  the  left,  is  continuous  Avith  the 
cystic  duct.  Its  upper  surface  is  attached  to  the  liver  by 
areolar  tissue  and  bloodvessels;  the  rest  is  covered  by  the 
peritoneum,  Avhich  therefore  furnishes  it  Avith  a partial  serous 
coat.  Its  proper  AAmlls  are  composed  of  interlacing  bands  of 
Avhite,  fibrous,  and  areolar  tissue,  intennixed  with  elastic 
fibres,  and  longitudinal  and  circular  unstriped  muscular  fibres. 
Within  this  areolar  coat,  is  the  mucous  coat,  Avhich  has  a 
peculiar  pitted  or  alveolar  aspect,  OAving  to  the  presence  of 
innumerable  fine  ridges,  Avhich  bound  polygonal  depressions 
of  various  size  and  form  ; at  the  bottom  of  the  largest  depres- 
sions, there  are  seen,  by  aid  of  a lens,  the  orifices  of  fine 
recesses  resembhng  mucous  follicles.  The  mucous  membrane 
of  the  gall-bladder  is  usually  of  a deep  yeUoAv  colour,  and  is 
lined  by  a columnar  epithelium. 

The  gall-bladder  forms  a sort  of  receptacle,  or  reservoir  for 
such  bile  as  is  not  immediately  required  for  the  pirrposes  of 
digestion.  It  has  been  shoAvn,  in  animals,  in  AA'hich  artificial 
openings,  or  fistula,  haAm  been  made  into  the  hepatic  duct,  that 
bile  is  being  constantly  secreted  by  the  liver.  In  the  interA-als 
betAveen  the  process  of  digestion,  the  secretion  is  slow ; but, 
during  digestion,  the  bile  is  secreted  Amry  rapidly,  and  at  once 
passes  along  the  hepatic  duct,  and  common  bUe  duct,  into  the 
duodenum  ; such  bile  is  named  hepatic  bile.  The  period  of 
most  rapid  secretion,  in  animals,  has  been  variously  stated  to 
be  from  one  or  tAvo  hom-s,  to  ten  or  tAvehm  hours  sifter  eating. 
According  to  observations  made  by  Dalton  on  a dog,  the 
quantity  increases  suddenly  after  eating,  reaches  its  maximum 
in  an  hour,  and  then  gradually  declines ; a far  larger  quantity 
enters  the  intestine  during  the  first  hour,  than  in  any  other 
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equal  period.  Abstinence  lessens  the  quantity  veiy  much. 
In  the  intervals  between  digestion,  hoAvever,  the  bile  being 
secreted  more  scantily,  has  not  sufficient  force  to  pass  through 
the  narrow  orifice  of  the  common  duct,  and  thus  more  or  less 
of  the  secretion  enters  the  gall-bladder ; there,  it  undergoes 
inspissation,  losing  water,  and  receiving  much  mucus  from  the 
gall-bladder,  some  having  been  already  added  to  it,  in  the 
ducts.  It  thus  becomes  darker,  and  more  viscid,  and,  in  this 
condition,  it  is  called  cystic  bile.  The  mechanical  effect  of  the 
spiral  folds  in  the  cystic  duct,  on  the  passage  of  the  bile  into, 
or  out  of,  the  gall-bladder,  is  probably  to  favour  its  entrance, 
and  somewhat  check  its  escape.  During  digestion,  both 
cystic  and  hepatic  bile  are  believed  to  be  employed,  and  it  is 
supposed  that,  at  that  period,  the  former  is  pressed  out  of  the 
gall-bladder,  partly  by  the  distended  stomach,  and  partly  by 
the  contraction  of  its  own  muscular  fibres,  stimulated  in  a 
reflex  manner,  by  the  acid  chyme  passing  over  the  orifice  of 
the  common  bile  duct,  the  sphincter-like  margin  of  which 
may  be  at  the  same  time  relaxed. 

The  analyses  of  bile  present  some  discrepancies  which  may 
depend  on  the  difference  between  the  hepatic  and  the  cystic 
bile.  Speaking  generally,  the  bile  is  a yelloAvish,  or  yellowish- 
green,  viscid  fluid,  having  a peculiar  smell,  and  a bitter  taste. 
In  carnivorous  animals,  its  colour  is  brownish-yellow ; in 
herbivorous  animals,  it  is  generally  greenish.  The  quantity  of 
bile  secreted  by  a man  in  twenty-four  hours,  is  uncertain.  In 
dogs,  with  artificial  biliary  fistulas,  the  quantity  secreted  daily 
is  about  oz.  to  every  pound  weight  of  the  animal,  or  -j-^nd 
part  of  its  weight  (Killliker,  H.  Muller).  Supposing  the 
weight  of  a man  to  be  140  lbs.,  this  would  give  70  ozs.  or  4 lbs. 
6 ozs.  avoirdupois  in  a day,  of  which  about  ^th,  or  nearly 
3 ozs.,  would  be  solid  matter.  This  estimate,  however,  appears 
very  high.  Bidder  and  Schmidt  calculate  the  daily  quantity 
secreted  by  man  to  be  56  ozs. ; Nasse  and  Platner’s  observa- 
tion on  the  dog,  would  give  a total  daily  quantity  for  man  of 
33^  ozs. ; whilst  others  again  have  estimated  it  at  only  from 
17  to  24  ozs.  The  specific  gravity  of  the  cystic  bile  in  man, 
varies  from  1026  to  1032  ; that  of  hepatic  bile  is  of  course 
less.  The  cystic  bile  of  man,  contains  about  10  per  cent,  of 
solid  matter ; while  the  bile,  from  an  artificial  fistula  in  the 
bile  duct  of  an  animal,  i.e.  hepatic  bile,  contains  from  3 to  5 
per  cent.  only. 
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The  analysis  of  cystic  ox  gall  by  Berzelius,  gives  the  follow- 


percentage  composition : — 

Water  ...... 

. 90-44 

Bilin,  with  fat  and  colouring  matters  . 

8-  I 

Mucus,  chiefly  cystic  .... 

■3  \ 9-56 

1-26) 

Salts  ....... 

100  00 

The  analyses  by  other  chemists,  show  a similar  composition, 
but,  according  to  Strecker,  the  bilin  of  Berzelius  is  a compound 
substance.  Its  two  characteristic  constituents  are  the  colour- 
less conjugated  fatty  acids,  named  gli/cockolic  or  cholic,  and  tau- 
rocholic  ; the  one  formed  by  the  combination  of  a nitrogenous 
body,  named  ^/_ycoci«,  or  glycocoU,  and  acid  ; the  other, 

formed  by  the  union  of  the  same  acid  with  another  nitrogenous 
body,  which  contains  sulphur,  named  taurin.  The  chemical 
relations  of  these  substances  may  be  seen,  by  comparing  their 
atomic  compositions  (Vol.  L,  p.  98). 

Cholalic  acid  crystallises  in  white  tetrahedra  ; dissolved  in 
sulphuric  acid,  with  the  addition  of  sugar,  it  yields  a purple 
violet  colour,  the  reaction  of  the  so-called  Pettenkofer’s  test 
for  bile.  Glycocoll,  obtainable  also  by  the  action  of  acids  or 
alkalies  upon  glue  and  some  other  animal  substances,  forms  hard, 
transparent,  colourless,  crystals,  soluble  in  water,  but  nearly 
insoluble  in  alcohol  and  ether.  Taurin  crystallises  in  white 
hexagonal  prisms,  inodorous  and  almost  tasteless ; it  contains 
the  large  proportion  of  one-fourth  its  weight  of  sulphur ; it 
leaves  much  sulphurous  acid  on  being  burnt,  and  gives  off 
sulphuretted  hydrogen  when  decomposed.  Both  glycocoll  and 
taurin  are  neutral  substances,  having  a tendency  to  unite  Avith 
acids,  to  form,  as  in  the  bile,  conjugated  acids.  Glycocholic, 
or  cholic  acid,  consists  of  fine  crystalline  needles,  soluble  in 
water  and  alcohol,  but  very  slightly  so  in  ether.  haA’ing  a bitter 
SAveet  taste,  and  a strong  acid  reaction.  Taurocholic  acid  has 
not  yet  been  obtained  in  a crystalline  form.  In  the  bile, 
the  glycocholic  and  taurocholic  acids,  Avhich  form  from  4 
to  7 per  cent,  of  that  secretion,  are  ahvays  united  with  soda, 
as  glycocholate  and  taurocholate  of  soda.  The  bile,  hoAveA'er, 
occasionally  contains  an  e.xcess  of  some  base ; for,  though 
often  neutral,  it  may  be  feebly  alkaline.  The  substance  of  the 
liver  has,  or  rapidly  acquii'es  after  death,  an  acid  reaction. 
The  proportions  of  glycocholic  and  taurocholic  acids,  A’ary  in 
the  bile  of  different  animals,  but  are  tolerably  constant  in  each 
species.  In  the  dog,  the  glycocholic  acid  is  scanty,  and  sometimes 
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absent.  In  the  pig,  another  allied  acid  is  found,  named 
lujocholic,  and  a small  quantity  of  an  acid  analogous  to  the 
taurocholic.  In  the  goose,  a different  allied  acid  exists,  named 
tauro-clienolic.  Although  varied  in  different  animals,  and 
present  in  variable  proportions,  the  characteristic  constituent 
of  the  bile  is,  in  all  cases,  a soda  salt  of  some  fatty  acid,  resem- 
bling the  acids  of  fatty  and  resinous  bodies.  The  sulphuretted 
and  nitrogenous  body,  taurin,  is  always  present. 

The  next  most  characteristic  constituent  of  the  bile,  is  its 
colouring  matter,  named  by  different  chemists,  cholepyrrhm, 
hilipyrrliiv,  and  biliphcein.  This  forms  about  5 per  cent,  of 
the  secretion.  According  to  Berzelius,  two  modifications  of 
colouring  matter  exist  in  bile.  The  one,  a yellowish  colouring 
substance,  was  named  by  him  hilifulvin  ; it  seems  to  coincide 
with  the  cholepyrrhin  and  biliphajin  of  other  writers.  It  is 
uncrystallisable,  insoluble  in  water,  only  slightly  soluble  or 
insoluble  (Briicke)  in  alcohol,  but  especially  so  in  caustic 
alkalies,  and  in  chloroform.  It  affords  a peculiar  reaction  with 
nitric  acid  or  nitrates,  Avhich,  when  added  in  small  quantities 
to  the  yellow  alkaline  solution,  first  produce  a green  colour, 
then  blue,  violet,  and  red,  and  finally  yelloAv  again,  oAving,  it 
is  supposed,  to  the  occurrence  of  different  degrees  of  oxidation. 
The  other  coloirring  matter  of  the  bile,  smaller  in  quantity,  is 
yreetii  and  hence  Avas  named  by  Berzelius,  biUverdin  ; it  Avas 
supposed  by  him,  though  not  proved  so,  to  be  identical  with 
chlorophyll.  It  is  insoluble  in  chloroform,  slightly  so  in  alcohol, 
and  insoluble  in  AA'ater  ; it  appears  to  be  a more  highly  oxi- 
dised form  of  bilifulvin.  These  colouring  matters  are  closely 
allied  to  the  hsematin,  or  cruorin  of  the  blood  ; but  neither 
these,  nor  the  fatty  acids  of  the  bile,  pre-exist  in  the  blood  ; 
they  are  formed  in  the  liver  by  the  hepatic  cells. 

In  addition  to  these,  its  essential  constituents,  bile  contains 
about  1 per  cent,  of  ordinary  fats,  margarin  and  olein,  or 
alkaline  margarates  and  oleates.  It  also  presents  traces  of 
cholesterin,  the  fatty  or  resinoid  body,  Avhich  likeAvise  exists 
in  nervotrs  substance,  in  the  blood,  and  in  certain  diseased 
exitdations.  Cholesterin  crystallises  in  brilliant  colourless 
plates,  insoluble  in  Avater,  soluble  in  boiling  alcohol  and  in 
ether,  and  absolutely  resisting  saponification.  In  the  living 
body,  it  is  probably  held  in  solution  by  fluid  fats.  The  bile 
contains  about  1 per  cent,  of  salts,  its  ashes  yielding,  besides 
soda  in  large  proportion,  traces  of  potash,  magnesia,  and  lime, 
in  combination  Avith  phosphoric  acid  and  chlorine.  The 
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mucus  foimd  in  bile,  indicated  by  the  presence  of  mucous 
and  epithelial  cells,  is  an  adventitious  substance,  derived  from 
the  vails  and  follicles  of  the  bile  ducts  or  gall-bladder. 

Besides  being  engaged  in  the  formation  of  biliary  substances, 
partly  intended  for  use  in  the  digestive  process,  and  partly 
destined,  as  we  shall  hereafter  explain,  to  be  thrown  out  of  the 
body  as  excrementitious  matters,  the  liver  has  recently  been 
discovered  to  perform  another  most  remarkable  office  in  the 
economy,  viz.  that  of  separating  from  the  blood  by  its  cells,  a 
substance  named  glycogen,  or  animal  starch,  which  has  the 
property  of  being  rapidly  transformed  into  glucose,  or  grape 
sugar.  This  sugar  is  supposed  to  enter  the  hepatic  blood,  to 
proceed  with  it  to  the  heart,  and  thence  to  the  lungs,  to  be 
oxidised  in  the  resjiiratory  process,  and  aid  in  the  develop - 
ment  of  heat.  This  glycogenic  or  sugar-forming  function 
of  the  liver,  will  be  more  fully  noticed  in  the  section  on 
Secretion. 

Sources  and  Composition  of  the  Pancreatic  Juice. 

1\\Q  p>ancreas  (vdi'  rpeac,  all  flesh),  or  abdominal  sweetbread, 
is  a long,  narrow,  pinkish,  gland,  flattened  before  and  behind, 
having  its  right,  larger  end  lodged  in  the  concavity  of  the 
duodenum;  whilst  its  left,  pointed  extremity,  touches  the  spleen. 
Its  shape  lias  been  compared  to  that  of  a dog’s  tongue,  or  of  a 
hammer.  It  crosses  over  the  front  of  the  first  lumbar  vertebra, 
behind  the  lower  border  of  the  stomach,  and  is  held  in  place 
by  its  attachment  to  the  duodenum,  by  its  bloodvessels, 
nerves,  lymphatics,  and  ducts,  by  areolar  tissue,  connecting  it 
with  adjacent  parts,  and  by  a peritoneal  layer.  It  is  about  6 
or  8 inches  long,  1-^  inch  broad,  and  from  an  inch  to 
1 inch  thick,  being  thicker  at  its  larger  end.  It  usually 
weighs  between  2 j and  3^  ozs , but  sometimes  as  much  as 
G ozs. 

In  structure,  the  pancreas  resembles  the  salivary  glands, 
and  has  been  termed  the  abdominal  salivaiy  gland.  Its 
numerous  lobes  and  lobules  are  compressed,  and  are  held 
together  by  the  vessels,  ducts,  and  interlobular  areolar  tissue. 
Each  lobule,  like  those  of  the  parotid  gland,  fig.  42,  c,  consists 
of  a branched  duct,  ending  in  rounded  vesicles,  surrounded 
l«y  networks  of  capillaries.  The  ducts  from  the  numerous 
lobes,  join  a principal  duct,  which  runs  through  the  gland 
from  left  to  right.  This  duct,  the  pancreatfc  duct,  or  canal  of 
Wirsung,  who  discovered  it  in  the  human  body,  in  1G42,  is 
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about  the  size  of  a small  quill ; it  emerges  from  the  larger 
end  of  the  gland,  and,  accompanied  by  the  common  bile  duct, 
passes,  with  it,  obliquely  through  the  walls  of  the  duodenum, 
and,  about  3 inches  below  the  pylorus,  opens  into  the  intestine 
by  a common  orifice  Avith  the  bile  duct,  or  sometimes  by  a 
separate  aperture.  Occasionally  there  exists  a supplementary 
pancreatic  duct,  Avhich  enters  the  duodenum  about  an  inch 
from  the  chief  duct. 

The  secretion  from  the  pancreas,  or  the  ’pancreatic  juice,  is 
a somewhat  A'iscid,  transparent,  colourless,  and  inodorous  fluid. 
The  quantity  secreted  daily,  in  animals,  varies,  according  to 
different  observers,  from  15  to  35  grains  per  hour  for  each 
pound  Aveight  of  the  body ; so  that  in  a man  Aveighing  140 
pounds,  the  quantity  secreted  Avould  be  from  4^  ozs.  to  11 
ozs.  per  hour.  The  secretion  is  probably  not  continuous,  and 
its  quantity  increases  as  digestion  goes  on,  the  activity  of  the 
process  being,  by  some,  referred  to  the  absorption  of  albu- 
minoid substances  already  digested.  From  these  fluctuations, 
it  is  impossible  to  estimate  correctly  the  quantity  formed 
daily ; AA’hich  has  been  differently  estimated  at  from  7 ozs.  to 
16^  lbs.  Statements,  almost  as  discrepant,  have  been  made 
concerning  the  gastric  jirice  and  bile,  correct  results,  as  regards 
these  internal  secretions,  not  being  so  attainable  as  in  the 
case  of  the  saliA'a.  The  collection  of  these  fluids,  by  aid  of 
artificial  fistulaj,  in  animals,  is  open  to  the  objection,  that  the 
conditions,  especially  of  the  nerves,  Avhich  goA-ern  the  quantity 
of  the  secretion,  are  not  healthy.  The  total  quantity  of  the 
digestiA^e  fluids  poured  into  the  alimentaiy  canal,  after  taking 
food,  is,  liOAveAmr,  much  greater  than  AA'as  formerly  supposed, 
and,  in  comparison  AA’ith  the  blood  circulating  in  the  body,  is 
A’erv  great. 

The  solid  constituents  of  the  pancreatic  juice,  as  estimated 
from  cases  of  artificial  fistulaj  in  animals,  vary  from  1 '5  to  6, 
or  even  10  per  cent.;  the  more  i-apid  the  secretion,  the  less 
solid  matter  it  contains.  Its  most  peculiar  constituent  is  an 
albuminoid  substance  named  ptancreatm,  the  special  composi- 
tion of  AAdiich  is  not  yet  determined.  Like  salivin,  this  sub- 
stance is  soluble  in  Avater,  coagulable  by  heat,  and  jirecipitable 
by  alcohol,  but  may  again  be  dissolved  in  Avater ; unlike 
albumen,  it  is  precipitated  by  sulphate  of  magnesia.  To  the 
pancreatin,  are  attributed  the  peculiar  digestive  properties  of 
the  pancreatic  juice,  Avhich  differ,  in  one  respect  most  remark- 
ably, from  those  of  the  saliva.  The  pancreas,  indeed,  resembles 
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the  salivary  glands  anatomically,  but  not  physiologically  ; for 
its  secretion  is  nuich  more  viscid,  is  coagulated  by  strong 
mineral  acids,  and  does  not  contain  sulpho-cyanide  of  potas- 
sium. Its  salts,  about  "5  to  1'  per  cent.,  are  chiefly  chloride 
of  sodium  and  phosphate  of  lime  and  magnesia.  Like  the  salh'a, 
it  is  alkaline,  but  more  strongly  so ; as  digestion  proceeds, 
it  becomes  more  alkaline,  but  less  viscid  and  coagulable.  On 
standing,  it  speedily  becomes  neutral  and  then  acid  ; it  soon 
puti-efies,  but  may  be  preserr'ed  for  a few  days,  at  a tempera- 
ture of  45° ; its  properties  are  destroyed  by  a heat  slightl}' 
above  that  of  the  body.  It  contains  the  debris  of  a few 
nucleated  cells. 


Sources  and  Composition  of  the  Intestinal  Juices. 

The  mucous  membrane  of  the  small  intestine,  is  provided 
with  two  kinds  of  secreting  glands,  named  respectively,  after 
their  discoverers,  glands  of  Brunner  and  the  glands,  follicles, 

or  crgpts  of  Lieherkiilin.  The  secreted  products  of  all  these 
glands,  constitute  the  succus  entericus. 

Brunner'' s glands  are  found  in  the  duodenum,  being  most 
abundant  near  the  pylorus,  and  disappearing  lower  down, 
very  few  being  present  at  the  commencement  of  the  jejunum. 
They  are  compound  racemose  glands,  like  the  buccal  and  labial 
glands,  and  appear  to  bear  the  same  relation  to  the  pancreas 
as  those  glands  do  to  the  salivary  glands.  They  secrete  a 
viscid  alkaline  mucus. 

The  follicles  or  crypts  of  LieherJcuhn  are  found  throughout 
the  small  and  large  intestines.  They  consist  of  multitudes  of 
minute  tubuli,  closed  at  their  deep  extremities,  but  opening 
on  to  the  sm'face  of  the  mucous  membrane,  perpendicularly  to 
which  they  are  arranged,  more  or  less  closely  together.  In  the 
small  intestine,  they  measure  from  -g^j^th  to  ii^ch  in 

length,  and  about  :^^th  of  an  inch  in  diameter.  Their  orifices 
are  seen,  fig.  98,  by  aid  of  a lens,  in  all  parts  of  the  small  in- 
testine, even  on  the  valvulas  conniventes,  between  the  villi,  and 
also  in  little  circlets,  around  the  closed  sacs  of  the  so-called 
agmlnated  glands.  Their  total  number  has  been  estimated 
at  several  millions.  They  are  sometimes  flask-shaped,  but 
never  subdivided,  like  the  gastric  glands;  they  are  lined 
with  a columnar  epithehmu,  fig.  99,  and  are  suiTounded  bv 
capillaries. 

They  contain  a transparent  granular  fluid,  the  intestinal 
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juice,  proper-,  sometimes  they  are  distended  -with  opaque 
mucus,  and  desquamated  epithelial  cells  destitute  of  fat.  The 
composition  of  the  intestinal  juice,  is  not  well  known  ; it  pro- 
bably differs  from  ordinary  muctis,  and  has  special  properties; 
it  is  colourless  and  viscid,  and  is  usually  described  as  being 
strongly  alkaline,  but,  according  to  others,  it  is  acid  in  a great 
part  of  the  small  intestine  ; it  contains  from  2 to  3'5  per  cent, 
of  solid  matter,  in  which  is  included  an  organic  substance, 
precipitable  by  alcohol  and  resoluble  in  water,  but  forming- 
insoluble  precipitates  with  metallic  .salts. 

Attempts  have  been  made  to  collect  it,  from  animals,  by  liga- 
turing previously  emptied  portions  of  intestine,  or  by  forming 

Fig.  98.  Fig.  99. 


Eig.  98.  Portion  of  the  border  of  a Peyer’s  patch,  magnified  aliout  twelve 
diameters.  It  shows  the  minute  pointed  processes  named  the  villi  of 
the  small  intestine,  found  both  on  the  general  surface,  and  also  on  the 
lighter  part  or  Peyer’s  patch.  On  this  latter,  are  seen  the  rounded  or 
oval  sacs,  constituting  the  agminated  .glands,  with  the  villi  between,  not 
upon,  them.  Around  the  borders  of  these,  are  circlets  of  the  orifices  of 
the  intestinal  tubnli,  or  crypts  of  Lieberkuhn,  others  of  which  are  seen, 
scattered  over  the  general  surface  between  the  villi.  (After  Boehm.) 

Pig.  99.  Diagrammatic  vertical  section  of  one  sac,  and  a part  of  another, 
from  a patch  of  Peyer,  with  the  surrounding  i)arts.  g,  the  sac  with  its 
granular  contents.  /,  one  of  the  intestinal  tubnli,  crypts,  or  follicles 
of  Lieberkuhn,  of  which  three  others  are  seen,  on  the  other  side  of  the 
sac.  V,  the  intestinal  villi,  on  the  surface  of  the  mucous  membrane, 
covering  the  patch.  in,  cut  ends  of  the  circular  muscular  fibres  ; be- 
neath these,  the  longitudinal  fibres,  and  the  serous  or  peritoneal  cover- 
ing of  the  intestine.  (After  Kdlliker.)  Magnified  forty  diameters. 

artificial  intestinal  fistulfe ; but  the  fluid  so  obtained,  must 
differ  from  the  normal  secretion.  The  quantity  daily  secreted 
in  Man  is  uncertain,  but  is  doubtless  considerable,  especially 
after  meals. 
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The  tubuli  or  crypts  of  Lieberkuhn  of  the  large  intestine, 
are  longer,  wider,  more  numerous,  and  more  closely  arranged 
than  those  of  the  small  intestine.  The  entire  surface  presents, 
when  examined  with  a lens,  a cribriform  aspect,  due  to  the 
numerous  orifices,  which,  in  the  lower  part  of  the  intestine, 
are  almost  visible  to  the  naked  eye ; they  are  lined  with 
columnar  epithelium.  Besides  these  crypts,  there  are  found, 
scattered  over  the  mucous  membrane  of  the  large  intestine, 
small  depressions,  resembling  saccular  glands;  they  were 
formerly  described  as  solitary  glands,  but  they  are  lined  with 
a columnar  epithelium  only,  and  are  placed  over  certain  closed 
sacs,  exactly  similar  to  those  of  the  so-called  solitary  glands  of 
the  .stomach  and  small  intestine,  and  of  the  agminated  glands 
of  the  latter. 

The  intestinal  juice  of  the  large  intestine,  resembles,  so  far 
as  is  known,  that  of  the  small  intestine,  being  composed  partly 
of  mucus,  but  chiefly  of  a special  secretion,  which  is  said  to  be 
alkaline,  though,  in  the  caecum,  the  intestinal  contents  are  acid. 


CHEMICAL  PROCESSES  OF  DIGESTION.  ACTION  OF  THE  DIGESTIVE 
FLUIDS,  WITH  HE.\T. 

As  already  stated,  the  purpose  of  the  digestive  process  in 
the  animal  economy,  is  the  reduction  of  alimentary  substances 
into  a soluble  and  absorbable  condition,  a state  of  solution,  or 
of  exceedingly  minute  subdivision  and  suspension  in  a fluid, 
being  an  essential  condition,  antecedent  to  the  absorption  of 
any  nutrient  substance  into  the  living  ti.ssues.  Food,  as  we 
have  seen,  considered  chemically,  consists  of  water,  alkaline 
and  earthy  salts,  and  certain  importairt  organic  proximate 
constituents,  which  are  classified  into  non-nitrogenous  and 
nitrogenous  substances. 

Of  these,  the  water,  the  natural  medium  of  sohrtion  or 
suspensioir  of  the  solid  alimentary  substances,  arrd  likerdse  the 
saline  substances,  both  alkaline  and  earthy,  which  are  mostly 
dissolved  in  it,  correspond  with  the  water  which  forms  three- 
fourths  of  the  soft  tissues  of  the  body,  and  with  the  rvater  and 
salts  of  the  blood  : they  are  directly  absorbed  rvithoirt  any 
digestive  change.  The  organic  constituents,  whether  non- 
nitr'ogenous  or  nitrogenous,  are  some  of  them  soluble,  and 
some  insoluble  in  water  at  the  temperatiu-e  of  the  interior  of 
the  body,  viz.  about  102°.  The  soluble  non-nitrogenous  bodies 
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are  pectin,  gum,  dextrin,  sugars,  alcohol,  organic  acids,  and 
ethers.  Tlie  soluble  nitrogenous  substances  are  certain  forms  of 
albumen,  fibrin,  casein,  gelatin,  and  chondrin  ; the  albuminoid 
principles  of  the  digestive  fluids,  viz.  saliviu,  pepsin  and  pan- 
creatin,  which  are  probably  in  a state  of  solution  in  the  living 
body;  creatin  and  creatinin ; cerebricacid;  and thein,  caffein and 
theobromin.  Many  of  these  also  are  possibly  directly  absorbed. 
The  insoIuhJe  organic  constituents  are  the  non-nitrogenous 
cellulose,  starch,  and  fatty  matters  ; and  the  nitrogenous  solid 
forms  of  albumen,  syntouin,  casein,  fibrin,  gluten  and  legumin, 
and  the  gelatin  and  chondrin-yielding  tis.sues.  All  these,  how- 
ever soft  or  minutely  divided,  must  be  dissolved,  before  they 
can  be  absoi’bed.  They  are  the  most  abundant  constituents  of 
our  food  : in  all  kinds  of  bread,  and  biscuit,  in  cooked  potatoes, 
rice,  sago  or  tapioca,  the  quantity  of  insoluble  starch  is  greater 
than  that  of  soluble  starch,  gum,  dextrin,  or  sugar  ; in  cooked 
meat,  poultry,  fish,  and  eggs,  and  also  in  cheese,  the  albuminoid 
constituents  are  all  solidified ; the  vegetable  gluten  and  legumin 
are  either  solid,  or  are  coagulated  by  cooking;  and  even  the 
fiuid  or  finely  granular  casein  of  milk,  is  first  precipitated  or 
citrdled  in  the  stomach,  by  the  action  of  the  acid  gastric  juice. 
Indeed,  undissolved,  though  minute,  granules  of  amyloid, 
insoluble  oleoid,  and  solidified  albuminoid  substances,  con- 
stitute the  most  nutritive  forms  of  food. 

In  a chemical  sense,  these  substances  are  instable  com- 
pounds ; they  have  a high  atomic  constitution,  and  are  easily 
broken  up  by  powerful  chemical  agents,  by  elevated  tempera- 
tures, fermentation,  or  putrefaction.  Nevertheless,  under  ordi- 
nary circumstances,  they  are  insolirble  in  water  at  the  heat  of 
the  body,  and  are  decomposable,  or  rendered  soluble,  only  by  the 
action  of  agents  and  temperatures,  which  would  be  destructive 
to  living  animal  tissues.  Thus,  starch  is  rendered  mucilaginous 
only  at  the  temperature  of  160°  ; it  is  changed  into  dextrin  at 
a still  more  elevated  temperature ; and  it  is  convertible  into  a 
sugar,  by  the  highly  corrosive  sulphuric  acid.  Of  the  fats,  mar- 
garin  and  stearin  become  fluid  only  at  temperatures  higher  than 
that  of  the  body,  viz.  114°,  and  118°  ; none  of  them  are  easily 
miscible  with,  or  can  be  kept  suspended,  in  minute  particles, 
in  rvatery  flirids ; and  to  render  any  of  these  soluble  in  water, 
they  must  be  saponified  by  the  action  of  caustic  alkalies,  which 
are  destructive  to  living  tissues.  The  solid  albuminoid  prin- 
ciples, so  far  from  lieing  soluble  even  in  boiling  water,  have 
their  component  particles  knit  still  more  firmly  together,  bv- 
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being  boiled ; and  putrefaction  alone  Avill  dissolve  them, — a 
condition  inconsistent  Avith  their  retention  of  nutritive  pro- 
perties, and,  indeed,  conv'erting  them  into  noxious  products. 

The  first  problem  of  digestion,  hoAvcA'er,  is  to  render  such 
substances,  Avhich,  in  this  point  of  vieAv,  are  refractory,  soluble 
at  a temperature,  and  by  means  of  agents,  compatible  AA’ith  the 
life  and  integrity  of  the  digestiA’e  organs  themselves.  But. 
secondly,  starch,  even  Avhen  dissolved,  so  as  to  form  a soluble 
mucilage,  and  also  albumen,  AA'hen  perfectly  soluble  as  in  the 
Avhite  of  egg,  are  too  tenacious  to  pass  readily  through  moist 
membranes,  and  belong  to  the  so-called  colloid  bodies,  Avhich 
have  a feeble  permeating  poAver,  in  compari.son  Avith  the  so- 
called  crystalloid  substances  (Graham)  ; AA-hilst  oil,  likeAvise, 
passes  through  moist  membranes,  only  under  considerable 
pressure.  According!}',  in  the  process  of  digestion,  starch  is 
not  only  dissolved,  but  is  converted  into  the  ciystalloid, 
and  highly  permeating  substance,  sugar  ; albuminoid  bodies 
are  converted  into  a substance  named  albuminose,  AA'hich, 
though  not  shoAvn  to  be  crystallisable,  nevertheless,  permeates 
moist  membt'anes  Avith  great  facility ; Avhilst  fatty  matters  are 
either  emulsified,  decomposed,  or  dissolved.  The.se  transmu- 
tations are  daily  accomplished,  within  the  body,  at  its  proper 
temperature,  in  modes  at  present  only  hypothetically  explained, 
by  the  re.spective  actions  of  the  salivin,  pepsin,  pancreatin, 
and  conjugated  fatty  acids,  of  the  saliva,  gastric  juice,  pancreas, 
and  bile. 

Action  of  the  Saliva  and  other  Fluids  of  the  iifouth. 

The  salrfa,  the  chief  fiiiid  poured  into  the  mouth,  acts  first, 
by  its  AA'atery  basis,  as  a soh'ent,  contributing  thus  also,  to  the 
perfection  of  the  sense  of  taste.  It  dissolves  saline  substances, 
the  organic  acids,  alcohols,  and  ethers,  gum,  sugar,  and  the, 
soluble  albuminoid  and  gelatinoid  bodies.  Secondly,  and  most 
importantly,  the  saliva  changes  the  starch  granules,  first  intodex- 
triu,  and  then  into  soluble  and  crystalloid  dextrose,  glucose  or 
grape-sugar,  ready  for  absorption.  Dextrin  has  the  same  atomic 
constilirtion  as  starch,  CellioOg,  AA'hilst  grape  sugar,  C6H12O6, 
appears  to  be  produced  from  it,  bv  the  taking  up  of  1 atom  of 
AA'ater  ILO.  No  eA'olution  of  gas  takes  place,  as  occau's  in  alco- 
holic fermentation.  The  change  is  more  rapid  than  fermenta- 
tion. On  adding  some  salrfa  to  a Aveak  solution  of  boiled  starch, 
and  immediately  testing  it  Avith  iodine,  the  blue  colom-  of 
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iodide  of  starch  fails  to  appear ; or,  on  mixing  saliva  with  a 
small  quantity  of  cooked  starch,  already  rendered  blue  by 
iodine,  the  colour  is  discharged.  (Vintschgau.)  These  facts 
prove  that  the  starch  is  changed  ; its  conversion  into  sugar,  is 
shown  by  e.xaniination  with  a polariscope,  or  by  boiling  the 
fluid,  after  adding  a slightly  alkaline  solution  of  tartrate  of 
copper,  when  a yellowish  red  precipitate  of  o.xide  of  copper 
is  thrown  down,  indicating  the  presence  of  grape-sugar 
(Tromm.er’s  test). 

The  parotid  saliva  is,  by  itself,  able  to  convert  starch  into 
sugar ; that  of  the  submaxillary  and  sublingual  glands  accom- 
plishesthe  change,  when  combined  with  the  mucus  of  the  mouth, 
which,  indeed,  has,  by  some,  been  regarded  as  the  sole  agent  in 
this  transformation.  A mixture  of  all  the  fluids  of  the  mouth 
appears,  however,  to  form  the  most  active  combination  for  this 
purpose.  Besides  the  saliva  and  buccal  fluids,  the  pancreatic 
juice  possesses  this  jjroperty  in  great  perfection  ; but  the 
gastric  juice  and  the  bile  do  not.  Most  animal  membranes 
also,  such  as  the  mucous  menibrane  of  the  mouth,  intestines, 
and  even  the  bladder,  particularly  if  they  are  in  a state  of 
commencing  decomposition,  exhibit  this  power. 

The  constituent  of  the  saliva,  to  which  this  peculiar  power  of 
transmutation  is  due,  is  the  salivin  orpti/alin,  which  is  said  to 
actcatalytically,  or  hy  presence,  or  contact;  forif  this  albuminoid 
substance  be  precipitated  by  alcohol,  collected  on  a filter,  and 
re-dissolved  in  water,  it  will  still  effect  the  transformation  very 
rapidly,  and  will  convert  2,000  times  its  own  weight  of  starch 
into  sugar.  Neither  dilute  alcohol  or  acids,  nor,  it  is  said, 
even  a boiling  lieat,  ai-rest  altogether  the  action  of  salivin. 
Finally,  although  the  action  of  saliva  is  more  rapid  and  com- 
plete on  cooked  starch,  yet  grains  of  ra^v  starch,  masticated 
and  mixed  with  saliva  in  the  mouth,  and  then  maintained  at  a 
temperature  of  100°,  at  length  break  down,  and  are  converted 
into  sugar.  The  saliva  has  no  specific  action  on  gum,  pectin, 
cellulose  or  fattymatters, unless  it  may,  to  a slight  degree,  emul- 
sify the  latter,  nor  yet  on  albuminoid  or  gelatinoid  substances. 

Action  of  the  Gastric  Juice,  and  Mucus  of  the  Stomach. 

It  is  the  gastric  juice,  secreted  by  the  peptic  glands,  which 
accomplishes  the  act  of  gastric  digestion  ; the  secretion  of  the 
racemose  glands,  lined  with  columnar  epithelium,  found  near 
the  pyloric  end  of  the  stomach,  is  supposed  not  to  participate 
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in  this  office,  but  it  may  act  in  the  further  conversion  of 
starch  into  sugar.  In  this  stage  of  digestion,  albuminoid 
and  gelatinoid  substances  are  specially  acted  upon,  and  are 
reduced  to  a pulpy  mixture,  containing  the  so-called  alhmni- 
nose  or  peytone.  The  solid  or  insoluble  forms,  such  as  coagu- 
lated albumen,  syntonin,  and  fibrin,  are  slowlv  dissolved ; 
certain  of  the  soluble  forms,  as  the  casein  in  milk,  and  the 
albumen  in  vegetable  juices,  are  first  precipitated,  and  then 
dissolved ; whereas  fluid  albumen,  as  the  raw  white  of  egg, 
remains  in  solution  whilst  it  is  beiiiGr  converted  into  albumi- 

O 

nose.  xUbuminose  resembles  the  albuminoid  bodies  in  chemi- 
cal composition,  though  differences  will  probably  hereafter  be 
detected  in  it.  'Whatever  the  peculiarity  of  the  albimiinoid 
body,  whether  it  be  albumen,  syntonin,  fibrin,  or  casein,  gluten 
or  legumin,  it  is  transformed  into  an  almost  identical  albumi- 
nose.  Moreover,  this  albuminose,  or  peptone,  possesses  pro- 
perties which  distinguish  it  from  the  albuminoids.  Thus,  it 
is  no  longer  coagulable  by  heat,  nor  by  the  action  of  nitric 
acid,  though  still  precipitable  by  tannic  acid,  metallic  salts, 
and  strong  alcohol ; it  is  soluble  in  all  propoi-tions  in  water, 
so  miTch  so,  that  the  act  of  digestion  of  the  albuminoids,  or 
their  conversion  into  albuminose,  has  been  referred  hvpotheti- 
cally  to  a kind  of  hj'dration  of  the  albuminoids,  or  a taking  uj) 
by  them,  of  certain  atoms  of  water,  just  as  the  hydration  of 
starch  or  dextrin,  appears  to  be  a step  in  their  conversion  into 
sugar.  Gelatin,  and  the  gelatin-yielding  tissues,  furnish  a 
special  kind  of  peptone,  a viscid  fluid,  Avhich  does  not,  accord- 
ing to  some,  gelatinize  or  stiffen  in  the  cold.  The  tran.sforma- 
tion  of  albuminoid  and  gelatinoid  substances- into  the  ultimate 
albumen  and  gelatin-peptones,  is  not  sudden,  but  is  charac- 
tei'ised  by  intermediate  stages,  in  Avhich  less  soluble  forms  of 
these  substances  appear,  named  pavapeptones.  Parapeptone 
is  precipitated,  in  the  form  of  flocculi,  from  the  peptone,  Avhen 
their  mixed  acid  solution  is  neuti-alised  by  an  alkali : it  is 
insoluble  in  tvater,  though  gradually  dissolved  In"  Aveak  acid 
and  alkaline  solutions.  The  peptone,  as  already  said,  is 
highly  sohrble  in  Avater,  and  precipitable  by  tannic  acid, 
alcohol,  and  metallic  salts.  When  a sohition  of  peptone  is 
injected  into  the  blood  of  an  animal,  it  does  not  appear  in 
tlie  renal  excretion  ; but  Avhen  albumen,  dissoh'ed  in  A'ery 
AA'eak  hydrochloric  acid,  is  employed  in  a similar  manner, 
albumen  is  found  in  the  urine.  These  facts  indicate  that  a 
ti'ue  metamorphosis  is  effected  in  the  albimiinoid  constituents 
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of  food.  The  peptone  ultimately  produced,  is  not  only  freely 
soluble  in  water,  but  most  i-eadily  permeates  moist  animal 
membranes,  and  hence  is  a substance  admirably  fitted  for  ab- 
sorption. 

The  gastric  juice  has  no  peptic  action  upon  either  the 
amylaceous  or  oleaginous  constituents  of  food. 

The  agent  by  which  the  gastric  juice  dissolves,  or  excites 
the  solution  of,  albuminoid  and  gelatinoid  substances,  is  the 
jteculiar  animal  substance,  itself  albuminoid,  the  yjepsi’n  ; but 
the  free  acid  contained  in  it,  is  also  essential  to  the  digestive 
process.  Dilute  hydrochloric,  or  other  acid,  of  the  strength 
of  that  present  in  the  gastric  juice,  possesses  by  itself  no 
digestive  property,  though  it  renders  the  tissues  semi-trans- 
parent, and  dissolves  out  earthy  matter  from  bones.  Again, 
pepsin  alone,  obtained  pure  by  jrrecipitation  from  the  gastric 
juice  by  means  of  alcohol,  filtration,  and  re-solution  in  tvater, 
also  possesses  no  digestive  power ; nor  does  pure  gastric  juice, 
provided  that  its  acid  be  carefully  neutralised ; for  small 
pieces  of  meat,  or  albumen,  placed  in  such  solutions,  do  not 
digest,  but  after  a time  putrefy. 

These,  and  many  other,  facts  concerning  the  rapidity  and 
results  of  digestion,  have  been  established  by  experiments, 
amongst  the  most  interesting  in  Physiology,  on  artificial  diges- 
tion, i.e.,  by  subjecting  different  substances  to  the  action  of 
different  digestive  fluids,  under  exactly  like  conditions.  The 
temperature  employed  may  A'ary  from  96°  to  102°.  During 
natural  digestion,  the  temperature  of  the  stomach  of  Alexis 
8t.  Martin,  Avas  found  to  be  from  100°  to  101°  F.;  Avhilst 
during  fasting,  it  Avas  98°  or  99°.  (Dr.  F.  Smith.) 

An  artificial  digestive  fluid  may  be  obtained  directly  from 
the  human  or  animal  stomach,  by  first  exciting  the  How  of 
gastric  juice,  and  then  causing  vomiting ; or  it  may  be 
collected  Ifom  artificial  gastric  fistulse  in  animals.  A digestive 
fluid  may,  hoAvever,  be  more  conA'eniently',  and  less  cruelly, 
obtained  from  the  gastric  mucous  membrane  of  the  recently 
killed  sheep,  calf,  ox,  or  pig,  especially  if  the  animal  be 
slaughtered  Avdiilst  digestion  is  going  on  in  the  stomach. 
Finely  cut  portions,  or  scrapings,  of  the  mucous  membrane,  are 
to  be  macerated  in  20  times  their  Aveight  of  cold  Avater  for  24 
hours,  with  frequent  agitation  of  the  mixture.  A temperature 
as  loAv  as  50°  is  desirable,  to  preA’ent  the  pepsin,  extracted  from 
the  membrane,  from  exhausting  itself,  more  or  less,  in  the 
digestion  of  that  membrane  itself.  The  fragments  of  the  mu- 
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cous  membrane  being  allowed  to  subside,  the  supernatant  fluid 
is  poured  off,  forming  a solution  of  pepsin  extracted  from 
the  peptic  cells,  but  containing  only  a slight  and  insuffi- 
cient quantity  of  free  acid ; for  the  pepsin  is  stored  up  in  the 
pepiic  cells,  so  that  it  may  be  extracted  by  water  after  death, 
whilst  the  acid  of  the  gastric  juice  is  probably  secreted  only 
when  reqttired,  perhaps  by  the  columnar  epithelial  cells;  it 
therefore  ceases  on  the  death  of  the  animal.  Hence  the  solution 
of  pepsin  as  above  prepared,  requires  an  addition  of  hydro- 
chloric acid,  to  make  it  dige.st  actively.  Too  little,  or  too  much, 
acid  diminishes  its  peptic  properties.  Ten  minims,  i.e.  about 
13  drops  of  the  pure  hydrochloric  acid  of  commerce,  to  every 
ounce  of  the  digestive  fluid,  is  said  to  be  the  best  proportion. 

The  inefficiency  of  the  acid,  and  of  the  solution  of  pepsin, 
septirately  employed,  and  the  powerful  effect  of  the  two 
together,  may  be  thus  strikingly  illustrated.  Three  fluids  are 
to  be  prepared,  one,  of  hydrochloric  acid  and  water,  in  the 
proportion  of  13  drops  to  the  ounce ; a second,  of  the  above 
described  solution  of  pepsin,  exactly  neutralised  by  carbonate 
of  soda;  and  a third,  of  the  same  sohttion,  acidified  with  hydro- 
chloric acid,  in  the  proper  proportions.  In  equal  quantities  of 
these  fluids,  contained  in  glass  jars  of  the  same  size,  are 
suspended  the  legs  of  fowls,  or  the  fore-limbs  of  rabbits,  either 
cooked  or  uncooked,  one  in  each  jar ; the  jars  are  then  placed  in 
a Avater-bath,  and  maintained  at  a temperature  ranging  between 
96°  and  102°,  for  24  hours.  At  the  end  of  that  period,  the  limb 
suspended  in  the  hydrochloric  acid  and  Avater,  is  fotmd  to  be 
slightly  SAVollen,  fiale  and  semi-transparent,  Avhil.st  the  solution, 
itself  of  a yelloAvish  tint,  is  quite  clear,  and  free  from  deposit. 
The  limb  submitted  to  the  action  of  the  neutralized  solution 
of  pepsin,  Avhich  is  itself  slightly  turbid,  appears  sodden,  but 
its  surface  is  noAvhere  dissolved  ; the  fluid  itself  is  darker,  but 
not  more  turbid.  In  the  acid  solution  of  pepsin,  hoAA'ever, 
all  the  soft  parts  of  the  digested  limb  are,  as  it  u-ere,  eaten  axcay 
and  pulpijied,  or  dissolved  ; the  tendons  disappear  first,  then 
the  muscles,  next  the  ligaments,  and  lastly,  even  the  bones 
and  cartilages  are  more  or  less  attacked,  the  slight  residual 
mass  contrasting  stiongl}'  Avith  the.  uiidissolved  and  SAA'ollen 
limbs  in  the  other  tAvo  solutions;  moreover,  the  fluid  itself  has  a 
broAvnish  colour, andpresents  a soft  flocculent  or  pulpy  grumous 
sediment,  several  inches  deep,  Avhich,  on  the  slightest  agitation, 
mixes  easily  Avith  the  fluid  above,  and  resembles  the  digested 
contents  of  the  stomach,  after  taldng  animal  food. 
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Phosphoric,  sulphuric,  and  even  nitric  acid  maybe  employed 
in  the  artificial  digestive  fluid,  but  they  are  not  so  suitable  as 
hydrochloric.  Very  strong  acids,  metallic  salts,  caustic  alkalies, 
alum,  tannin,  and  strong  alcohol,  destroy  its  digestive  proper- 
ties, and  so  does  a temperature  of  120°.  A strongly  acid  artificial 
gastric  juice  is  better  suited  for  the  digestion  of  some  sub- 
stances, such  as  coagulated  albumen,  the  solid  syntonin  of 
cooked  muscle,  and  legumin  ; whilst  fibrin  is  more  quickly 
dissolved  in  a feebly  acid  juice,  even  1 drop  to  1 oz.  of 
fluid.  (Brlicke.)  The  strongly  acid  natuial  gastric  juice  of 
the  Carnivora,  acts  most  quickly  on  the  firmer  animal  albumen, 
but  the  less  acid  secretion  of  the  Herbivora,  most  quickly  on 
the  softer  vegetable  gluten.  The  hitman  gastric  juice  has  a 
feebler  power  even  than  that  of  the  herbivora ; its  acidity 
declares  itself  immediately  on  the  introduction  of  food  into 
the  stomach,  and  increases,  for  a time,  as  digestion  goes  on, 
when  the  less  digestible  food  requires  to  be  attacked ; ivhen 
the  stomach  is  empty,  the  acidity  quite  disappears. 

Tlie  ]tower  of  the  gastric  juice  to  dissolve  animal  substances, 
is  well  illustrated  by  the  softening  or  digestion  of  the  coats  ot 
the  .stomach  by  its  own  secretion,  after  death,  often  noticed 
both  in  men  and  animals  dying  whilst  digestion  is  going 
on  : all  the  coats  of  the  stomach  may  be  thus  perlbrated ; in 
the  human  body,  the  effects  may  simulate  the  action  of  a 
corrosive  poison. 

The  immunity  of  the  living  gastric  mucous  membrane, 
or  its  power  of  resisting  the  solvent  action  of  its  own  secretion, 
has  been  variously  explained.  According  to  one  view,  the 
epithelium  and  mucus  constitute  a sufficient  protection  ; for 
when  the  former  is  detached,  the  subjacent  tissue  is  said  to  be 
attacked,  in  the  living  stomach,  as  well  as  after  death.  The 
‘ vitality’  of  the  mucous  membrane  (the  sum  ofits  vital  actions), 
has  been  supposed  to  enable  it  to  re.sist  solution  ; and  this  resist- 
ance necessarily  ceases  on  the  death  of  the  part.  A more  recent 
view,  founded  on  many  experiments,  attributes  the  non-solution 
of  the  living  mucous  membrane,  to  the  protecting  influence  of 
the  blood  in  the  capillaries,  which  is  supposed  to  maintain,  so 
long  as  the  circulation  continues,  the  alkalinity  ofthe  tissues,  a 
chemical  condition  incompatible,  as  we  have  seen,  with  peptic 
digestion.  (Pavy.) 

The  digestive  action  of  the  fluids  of  the  living  stomach  was 
shown  long  ago  by  Spallanzani,  Stevens,  Tiedemann,  Gmelin, 
and  others,  who  induced  dogs  to  swallow  pieces  of  sponge 
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fastened  to  strings,  and  afterwards  withdrawing  them,  obtained 
a quantity  of  fresh  gastric  juice,  which  slowly  dissolved  food, 
kept  in  it  at  a temperature  of  100°.  But  the  most  direct 
evidence  of  the  solvent  joower  of  gastric  juice,  is  that  obtained 
by  Dr.  Beaumont,  who  emjDloyed  the  fluid  collected  from  the 
stomach  of  the  Canadian  voyageur,  Alexis  St.  Martin.  ^Vith 
that  fluid,  the  process  of  solution  was  very  rapid.  Three 
drachms  of  boiled  beef  ])laced  in  an  ounce  of  fluid,  main- 
tained at  a temperature  of  100°,  began  to  digest  in  40  minutes ; 
in  60  minutes,  a pulpy  deposit  began  to  form  in  2 hours,  the 
areolar  tissue  was  digested,  leaving  the  muscular  fibres  dis- 
connected or  loosened  ; in  G hour.s,  these  M’ere  nearly  all 
digested;  and  in  10  hours,  the  meat  was  completely  dissolved  : 
the  gastric  juice,  from  being  transparent,  tvas  now  the  colour  of 
whey,  and  contained  a meat-coloured  sediment.  Digestion 
was  still  more  rapidly  accomplished,  when  a similar  piece  of 
beef,  attached  to  a thread,  was  placed  in  Alexis  St.  Martin's 
stomach  ; for,  althoitgh  at  the  end  of  one  hour,  its  condition 
appeared  much  the  same  as  that  of  the  piece  of  beef  digested 
in  the  gastric  fluid  out  of  the  body,  at  the  expiration  of  two 
liours,  it  was  completely  dissolved.- 

From  these  and  other  experiments,  it  is  evident,  that,  with 
the  excejttion  of  the  rapidity  of  the  two  processes,  artificial 
and  natural  digestion  are  identical  in  character.  The  rapidity 
of  natural,  as  compared  with  artificial  digestion,  may  probably 
be  explained,  partly  by  the  more  powerful  action  of  a con- 
tinuously fresh  supply  of  gastric  juice,  and  partly  by  the, 
constant  removal  of  the  outer  pulpified  layer  of  the  nutrient 
mass,  by  the  incessant  pressure  and  motion  of  this  mass 
by  means  of  the  muscular  coats  of  the  stomach.  Artificial 
digestion  is  much  accelerated  by  occasional  agitation. 

The  mere  quantity  of  fluid  employed  in  natural  digestion, 
must  also  be  very  important.  It  has  been  shown,  from 
experiments  on  the  gastric  juice  of  the  dog,  that  20  ozs.  of 
fluid  are  needed  for  the  digestion  of  1 oz.  of  albumen.  The 
daily  quantity  of  gastric  juice  secreted  by  a man,  140  lbs.  in 
weight,  has  been  estimated  at  14  lbs.  or  11  pints  imperial.  A 
pint  of  saliva,  which  is  a moderate  estimate,  and  2 pints  of 
Avater  consumed  as  beverage,  would  make  a total  of  14  pints 
of  fluid,  employed  in  the  gastric  digestion  of  the  daily 
solid  food;  beyond  the  stomach,  21  pints  of  bile,  1-j  pint 
of  pancreatic  juice,  and  one  pint  of  intestinal  juice  are 
added.  The  total  quantity  of  fluid  employed  in  the  digestive 
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process  in  24  hours,  certainly  exceeds  the  quantity  of  blood 
in  the  bodjq  which,  taken  at  -j^th  part  of  the  weight  of  the 
latter,  would  be,  for  a Man  weighing  140  lbs.,  less  than 
11  lbs.,  or  9 pints.  It  is  evident,  therefore,  that  the  large 
quantities  of  fluid,  daily  secreted  for  the  purposes  of  diges- 
tion, can  only  be  supplied  by  a circular  movement  of  the  same 
aqueous  particles,  in  succe.ssive  acts  of  secretion,  absorption, 
re-secretion,  and  re-absoiqition.  The  water  which  leaves  the 
blood,  to  form  part  of  the  digestive  juices,  re-enters  the  blood 
with  the  absorbed  food,  once  more  leaves  it  in  the  newly 
formed  digestive  juices,  and  is  again  re-absorbed,  until  diges- 
tion is  complete.  This  continued  irrigation  of  the  food,  com- 
bined with  the  activity  of  the  freshly  formed  gastric  juice, 
must  greatly  contribute  to  the  rapidity  of  natiual  digestion. 

That  the  pepsin  of  the  gastric  jiiice,  is  the  special  agent  in 
the  gastric  digestion  of  albuminoid  and  gelatinoid  substances, 
is  easily  shown.  By  evaporating  the  natural  gastric  juice,  or 
the  artificial  solution  of  pepsin,  to  a viscid  consistence,  and 
adding  strong  alcohol  to  it,  the  pepsin  is  precipitated  in 
whitish  flocculi,  which  may  then  be  sejDarated  by  filtration, 
from  the  other  constituents  of  the  gastric  juice,  dried  at 
a low  temperature,  and  preserved  for  months.  The  dried 
pepsin  thxrs  obtained,  forms  a firm,  greyish,  mass,  or  powder  ; 
it  is  easily  soluble  in,  or  miscible  with,  water,  and  1 grain 
dissolved  in  so  large  a quantity  as  60,000  grains,  i.  e.  6^  pints 
of  acidified  water,  still  possesses  digestive  properties.  Pepsin, 
whether  dry  or  dissolved,  as  in  natural  or  artificial  gastric 
juice,  loses  its  digestive  power,  if  it  be  subjected  to  a tempe- 
rature a little  above  that  of  the  body,  for  example,  a heat 
even  of  120°.  It  is  likewise  rendered  inactive,  by  strong 
chemical  reagents.  It  is  remarkable  that  alcohol,  which  pre- 
cipitates it,  and  temjxorarily  suspends  its  digestive  properties, 
does  not  destroy  them  ; for  on  sufficient  dilution  with  watei’, 
it  is  redissolved,  and  again  becomes  active.  The  energy  of 
pepsin,  like  that  of  salivin,  in  converting  starch  into  sugar,  is 
catalytic.  The  action  of  contact  or  pressure,  exhibited  by  both 
these  substances,  differs  from  that  of  the  yeast  ferment  in  the 
alcoholic  fermentations,  in  not  causing  the  evolution  of  any  gas, 
and  in  not  being  continually  reproduced.  It  is  said,  how- 
ever, by  some,  that  the  pepsin  does  not  itself  imdergo  waste  in 
the  process  of  digestion  ; but  the  power  of  a given  quantity 
is  certainly  limited.  Salivin  and  pepsin  have  been  regarded 
as  albuminoid  bodies  in  a state  of  change,  and  cajrable  of 
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inducing  changes  in  other  albuminoids,  with  which  they  are 
brought  into  contact.  Putrescent  albuminoid  substances,  as  is 
well  known,  can  propagate  putrescent  changes  to  fresh  albu- 
minoid substances,  and  can  also  convert  starch  into  sugar,  or 
one  form  of  sugar  into  another.  But  pepsin  is  not  a putrescent 
body,  nor  is  the  peptone,  produced  by  its  action  on  albumen, 
putrefied.  On  the  contrary,  it  has  been  shown  by  experiment, 
that  fresh  gastric  juice,  applied  to  putrid  meat,  first  arrests 
putrefaction,  removing  its  signs,  and  then  digests  the  meat. 
Like  fermentation  and  putrefaction,  however,  digestion  is 
retarded  by  low  temperatures,  altogether  arrested  at  a tem- 
perature of  34°,  and  is  stopped  by  high  temperatures,  by  the 
action  of  absolute  alcohol,  strong  acids,  alkalies,  and  metallic 
salts. 

The  action  of  the  gastric  juice  varies,  according  to  the 
character  of  the  food,  its  state  of  comminution  or  subdivision, 
and  its  condition  of  dryness  or  moisture.  In  order  to  deter- 
mine the  time  required  for  the  solution  of  different  nutritive 
substances,  these  have  been  introduced,  inclosed  in  perforated 
tubes  of  metal  or  glass,  into  the  stomachs  of  animals,  and  then 
have  been  withdrawn  ; or,  animals  have  been  fed  with  such 
substances,  and  afterwards  killed  at  certain  intervals.  The 
most  important  observations,  however,  are  those  made  by 
Dr.  Beaumont  in  the  human  subject.  In  the  stomach  of 
Ale.xis  St.  Martin,  a mixed  meal  of  animal  and  vegetable  food, 
was  nearly  all  dissolved  into  a pulp,  within  an  hour ; and  the 
stomach  was  completely  emptied  in  2-1-  hours.  A breakfa.st, 
consisting  of  three  hard  boiled  eggs,  some  pancakes  with  coffee, 
being  taken  at  8 o’clock,  the  stomach  was  empty  at  10‘15. 
Two  roasted  eggs  and  three  apples,  eaten  at  1 1 o’clock  on  the 
same  day,  had  disappeared  at  12T5.  Roast  pig  and  vegetables, 
afterwards  eaten  at  2 P.Jt.,  were  half  dissolved  at  3,  and  had 
disappeared  at  4'30.  It  w'as  further  observed,  that  a meal, 
consisting  of  boiled  dried  cod-fish,  potatoes,  parsnips,  bread 
and  butter,  eaten  at  3 o’clock,  was  about  half  digested  at  3‘30, 
the  bread  and  parsnips  having  disappeared,  the  fish  being 
separated  into  threads,  and  the  potatoes  being  least  altered; 
;it  4 o'clock,  very  few  pieces  of  the  fibre  of  the  fish  were 
found,  but  some  of  the  potato  was  still  perceptible ; at  4'30 
all  was  completely  pulpified ; and  at  5 o’clock,  the  stomach 
was  empty.  Again  it  was  found,  that  rice  and  tripe  were 
digested  in  1 hour;  that  eggs,  salmon,  trout,  apples,  and 
venison,  took  14  hour;  tapioca,  barley,  milk,  liver,  and  fish. 
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2 lunrs;  turkey,  lamb,  potatoes,  pork,  2-J-  hours;  beef, 
mutton,  and  poultry,  from  3 to  3-^  hours  ; and  veal  a little 
longer.  The  order  in  which  each  separate  article  of  food 
is  mentioned  above,  indicates  its  relative  digestibility,  at  least 
in  the  stomach  of  Alexis  St.  Martin. 

As  a rule,  animal  substances  are  more  rapidly  digested  than 
vegetable  substances.  I'he  rate  of  digestion  of  different  sub- 
stances corresponds  with  the  relative  necessity  for  their  being 
acted  on  by  the  gastric  juice.  Tims,  those  which  require  the 
most  digestion  by  that  fluid,  necessarily  remain  the  longest, 
Avhilst  those  which  are  merely  liberated,  but  are  not  dissolved 
in  it,  pass  out  sooner ; and  fluids,  with  their  soluble  ingredients, 
disappear  the  most  quickly.  In  cases  of  fistulous  openings  in 
the  dog,  and  in  Man,  it  has  been  found  that  fibrin  is  digested 
in  half  an  hour,  casein  in  1.J-  hour,  gelatin  in  2 hours,  coagu- 
lated albumen  in  6 hours,  and  tendons  in  10  hours. 

During  gastric  digestion,  the  muscular  tissue  breaks  up 
first  into  its  fasciculi,  and  then  into  fibres,  the  striai  of  which 
gradually  disappear,  the  sarcolemma,  as  well  as  its  .«arcous 
contents,  being  dissolved ; fragments  of  the  fibres,  however, 
pass  into  the  intestine,  and  there  undergo  further,  though,  it 
may  be,  incomplete,  digestion.  Yellow  elastic  tissue  appears  to 
resist  the  action  of  the  gastric  juice  ; tendinous  fibres  di.ssolve 
slowly;  white  areolar  fibres  are  totally  dissolved.  The  cor- 
puscles of  cartilage  are  not  digested,  but  the  inter-cellular 
substance  undergoes  solution.  The  areolar  fibres  of  adipose 
tissue  disappear,  and  frequently  also  the  walls  of  the  fat-cells  ; 
but  their  fatty  contents  are  commonly  said  to  resist  the  action 
of  the  gastric  juice  ; fat,  however,  may  begin  to  be  broken  up 
into  the  fatty  acids.  (Marcet.)  Of  v^egetable  tissues,  the 
cellulose  or  lignin  of  the  cell-walls,  including  the  dotted, 
annular,  and  spiral  ducts,  for  the  most  part  resist  the  action  of 
the  ga.‘'tric  fluid,  which  is  also  inoperative  upon  starch  grains, 
though  it  does  not  interfei’e  with,  or  totally  arrest,  the  action 
of  the  swallowed  saliva,  and  of  the  mucus  of  the  stomach,  upon 
starch.  Chlorophyll,  the  gTeen  colouring  matter  of  plants, 
appears  to  resist  digestion ; but  the  pectinous  and  albuminoid 
contents  of  vegetable  cells,  are  completely  dissolved. 


Chymification  and  Chyme. 

The  general  product  of  digestion  in  the  stomach,  resulting 
from  the  combined  admixture  with  the  food,  and  the  action 
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upon  it,  of  the  saliva,  the  muras  of  the  mouth  and  stomach,  and 
the  gastric  juice  itself,  is  called  the  chyme, ; the  process  of  its 
formation  is  named  ch/pnification.  The  chyme  is  a thick,  pulpy, 
grumous,  fluid,  containing  the  food  thus  far  digested,  together 
with  partially  digested, and  indigestible,  matters;  it  hasa  stronc: 
sour  smell  and  taste,  find  an  acid  reaction.  The  degree  of 
acidity  of  the  chyme  varies,  however,  according  to  the  quantity 
of  acid,  such  as  lactic  or  acetic  acid,  in  the  food,  and  also  ac- 
cording to  the  relative  quantities  of  saliva  and  gastric  juice  con- 
tained in  it,  much  gastric  juice  rendering  it  more  acid,  and  an 
excess  of  saliva  less  so.  The  colour  of  the  chyme  depends  on  the 
food,  being  whitish  in  an  infant  fed  on  milk  and  farinaceous 
food,  but  of  a brownish  hue  when  meat  is  eaten,  or  gi-eenisli 
after  vegetable  diet ; sometimes  also,  it  is  tinged  with  bile,  which 
has  ascended  into  the  stomach.  The  presence  of  saliva,  mucus, 
and  gastric  juice,  is  indicated  by  characteristic  microscopic 
nucleated  cells.  The  composition  of  chyme,  like  its  colour, 
also  varies  with  the  nature  of  the  food.  With  ordinary  diet, 
it  consists  of  a mixture  of  the  saline,  amylaceous,  -saccharine, 
albuminoid,  gelatinoid,  and  fa  tty  matters  of  the  food,  in  different 
conditions  of  conversion  or  solution.  The  starch,  partly  changed 
into  dextrin  and  sugar  in  the  mouth,  continues  to  undergo 
transformation  in  the  stomach,  even  more  rapidly,  because  the 
vegetable  cells  are  loosened  or  dissolved,  so  as  to  set  tree  the 
starch  grains.  The  conversion  of  starch  into  sugar  in  the 
stomach,  is  due  to  the  saliva  swallowed  with  it,  for,  in  an 
animal,  ligatttre  of  the  oesophagus,  which  prevents  the  continued 
entrance  of  s;iliva  into  the  stomach,  arrests  this  transforma- 
tion. A good  deal  of  starch  always  passes  from  the  stomach, 
undissolved.  The  albuminoid  and  gelatinoid  substances  are 
represented  in  the  chjnne,  by  albuminose  or  the  albumen  and 
gelatin-peptones ; whilst  the  fatty  matters  of  animal  tissues, 
perhaps  to  a small  extent  decomposed,  are  loosened  from  the 
fat  cells,  and,  as  well  as  the  fatty  matter  of  butter  or  cheese, 
are  reduced  to  minute  particles,  interntixed  with  the  rest  of 
the  chyme. 

The  characters  of  the  chyme  depend,  however,  not  only  on 
solvent  actions,  but  also  on  the  process  of  absorption,  which 
begins  in  the  stomach,  as  soon  as  that  organ  contains  fluid  or 
dissolved  matters.  Owing  to  the  escape  of  chyme  into  the  intes- 
tine, the  quantity  actually  in  the  stomach,  at  anv  one  time,  is 
small;  and,  owing  to  absorption,  the  quantitj'  which  passes  into 
the  duodenum,  is  much  less  than  the  quantity  of  fluid  swallowed 
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and  secreted  for  the  purposes  of  gastric;  digestion.  Even  the 
soluble  constituents  of  the  chyme,  are  constantly  being  removed 
by  absorption.  The  soluble  constituents  of  our  solid  and  fluid 
food,  such  as  saline  matters,  sugar,  alcohol,  and  thein,  and 
also  the  soluble  products  of  digestion,  such  as  sugar,  and  the 
albumen  and  gelatin-peptones,  mixed  with  some  salivin  and 
pepsin,  are  greedily  absorbed,  with  the  water  of  the  chyme,  by 
the  blood-vessels  of  the  mucous  membrane  of  the  stomach,  and 
are  then  conveyed  thi'ough  the  portal  vein,  into  the  liver. 

The  chyme  itself,  therefore,  at  any  one  moment,  does  not 
represent  the  simple  product  of  the  digestion  of  food,  but  the 
joint  product  of  the  double  process  of  digestion  and  ab.sorption. 
In  comparison  with  the  food  taken,  it  necessarily  contains  a 
larger  proportion  of  fatty  matter,  than  of  saline,  saccharine, 
amylaceous,  albuminoid,  or  gelatinoid  substances  ; for  the  latty 
substances  have  undergone  little,  or  no,  chemical  change,  and 
no  absorption  from  the  stomach,  rvhereas  the  others  have  been 
more  or  less  dissolved,  altered,  and  absorbed. 

The  semi-fluid  product  is,  moreover,  constantly  being  forced 
forwards,  drop  by  droji,  through  the  pylorus  into  the  duodenum, 
where  it  undergoes  further  changes,  now  to  be  considered. 

Action  of  the  Bile. 

The  bile  performs  a most  important  part  in  the  intestinal 
digestive  process;  but  its  action  does  not  depend  on  the  presence 
of  an  albuminoid  substance,  like  salivin,  pe]isin,  or  paucreatin. 
Its  importance  is  shown  by  its  highly  complex  composition, 
and  by  its  containing  substances  which,  unlike  the  urea  and 
uric  acid  of  the  renal  excretion,  do  not  pre-exist  in  the  blood, 
but  are  formed  in  the  hepatic  cells.  Secondly,  the  bile,  as 
already  stated,  (pp.  74-5),  is  much  more  abundantly  secreted 
during  the  process  of  digestion  than  at  any  other  period  ; and 
although  this  may  be  due  to  the  accomj^anying  activity  of  the 
portal  circulation,  jmt  the  general  adaptation  of  means  to  ends 
in  the  animal  economy,  suggests  the  conclusion  that  the  secre- 
tion is  most  required  at  that  particular  time.  Lastly,  the 
situation  at  which  the  bile  is  discharged  into  the  alimentary 
canal,  immediately  below  the  stomach,  and  therefore  very  high 
up  in  tlie  intestine,  seems  to  indicate  its  special  adaptation  to 
the  further  digestion  of  some  important  constituent  of  the 
chyme.  Nevertheless,  as  we  shall  hereafter  see,  a large  portion 
of  the  solid  constituents  of  the  bile,  is  remov’ed  from  the  body. 
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and  this  fluid  must,  to  a gi-eat  extent,  be  regarded  as  an  ex- 
crementitious  fluid,  serving  to  eliminate  carbon,  hydrogen, 
and  sulphur.  The  bile  also  serves  certain  sujiplementary  non- 
chemical  uses.  Thus,  it  excites  the  mucous  membrane  of  the 
intestine,  and  so  probably  causes  an  increased  secretion  of 
mucus  and  intestinal  juice.  It  moreover,  stimulates,  either 
directly,  or  through  the  nerves,  the  contractile  fibre-cells  of  the 
mucous  membrane  and  its  villi,  as  well  as  those  of  the  muscular 
coat  of  the  intestine  ; the  former  action,  probably,  promotes  ab- 
sorption by  the  villi  : whilst  the  latter  excites  the  intestinal 
peristaltic  action,  and  so  aids  in  the  onward  movement  of  the 
intestinal  contents.  It  is  well-known  that  a scanty  suppl}-  of 
bile  may  lead  to  constipation,  whilst  an  excess  of  that  fluid 
induces  diarrhoea : hence,  it  may  be  inferred,  that  a proper 
quantity  helps  to  maintain  the  healthy  action  of  the  intestines. 
The  inspissated  bile  of  the  ox  is  used  as  an  aperient  medicine. 

As  regards  the  chemical  action  of  the  bile,  e.xperiments, 
made  outside  the  body,  by  digesting  v^ariou.s  constituents  of 
food  in  that  fluid,  at  a temperature  of  100°,  show  that  it  has 
an  exceedingly  feeble  action  in  changing  starch  into  su?ar ; 
cane  sugar  is  slowly  converted  by  it  into  lactic  acid  ; it  neither 
dissolves  albuminoid  substances,  nor  saponifies  or  dissolves  fat. 
Albuminoid  and  gelatinoid  bodies,  although  stained,  are  other- 
wise unaltered ; fatty  matters,  agitated  with  bile,  form  an  im- 
perfect opaque  emulsion,  but  after  a time,  if  left  undisturbed, 
separate  themselves  entirely  from  that  fluid,  unchanged.  Bile 
is  said  to  arrest  the  actions  of  sjiliva  and  gastric  juice,  even 
when  these  have  already  commenced,  upon  starch  and  albumi- 
noid substances.  Indeed,  the  bile  and  the  gastric  juice  de- 
compose each  other,  when  mixed  out  of  the  body ; but  this 
does  not  seem  to  be  the  case,  Avhen  the  gastric  juice  is  already 
combined  Avith  peptone.  In  living  animals,  in  Avhich  biliary 
fistulffi  have  been  established,  so  that  the  bile,  prevented  from 
entering  the  intestinal  canal,  escapes  at  the  surface  of  the  bod\'. 
amylaceous,  albuminoid,  and  gelatinoid  substances  are  still 
completely  digested.  With  regard  to  fatty  matters,  hoA\*ever, 
the  bile,  appears,  in  some  Avay,  to  assist  in,  or  to  determine, 
their  absor[ition.  It  has  been  as.sumed  that  the  bile  is  a sapo- 
naceous compound,  and  that  it  dissolves  tatty  matters  directlv, 
like  an  ordinaiy  soap;  but  soaps  contain  more  or  less  free 
alkali,  Avhich  assists  in  dissolving  additional  fat,  whilst  the 
alkaline  reaction  of  bile,  even  Avhen  present,  depends  pro- 
bably on  phosphate  of  soda.  Experiment  shoAvs,  hoAvever, 
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that  the  bile  is  highly  important  for  the  proper  digestion  of 
latty  matters.  In  animals  -with  biliary  fistuliE,  the  chyle  col- 
lected from  the  lacteals,  or  absorbents  of  the  intestines,  contains 
but  a small  quantity  of  fat ; half,  or  even  more,  of  the  fat  taken 
with  their  food,  passes  itnchanged  from  the  alimentary  canal ; 
and,  as  a consequence  of  this,  the  bodies  of  such  animals 
are  very  lean.  According  to  the  observations  of  Blondlot  and 
others,  animals  thus  treated,  may  live  even  as  long  as  five 
years.  Again,  after  ligature  of  the  biliary  duct  in  an  animal, 
which  prevents  the  descent  of  bile  into  the  intestine,  the 
fluid  in  the  lacteals  is  clear  and  deficient  in  fat,  instead  of 
presenting  its  characteristic  milky-white  colour,  and  fatty 
molecular  contents.  In  what  mode  the  bile  contributes  to  the 
absorption  of  fat,  is  not  yet  known.  It  certainly  does  not 
appear  to  act  chemically,  by  decomposing  or  dissolving 
neutral  fats  ; nor  does  it  make,  with  oily  matters,  a permanent 
emulsion.  It  probably  co-operates  with  the  pancreatic  juice. 
It  has  also  been  shown,  that  fatty  matters  permeate  moist  animal 
membranes  more  readily  than  usual,  if  they  be  first  wetted 
with  bile,  or  with  an  alkaline  solution.  Since  provision  is 
made  in  the  saliva  and  gastric  juice,  for  the  complete  digestion 
of  amyloid,  gelatinoid,  and  albuminoid  substances,  and,  as  we 
.shall  presently  show,  in  describing  the  action  of  the  pancreatic 
juice,  of  fatty  matters  also,  the  bile  may  be  supposed  to  possess 
no  exclusive  digestive  power,  but  rather  to  be  superadded, 
in  order  to  complete  some  particular  part  of  the  digestive 
process. 

As  the  contents  of  the  upper  part  of  the  duodenum,  like 
those  of  the  stomach,  are  strongly  acid,  whilst  those  of  the 
small  intestine  generally,  become  gradually  alkaline  in  their 
descent,  it  was  formerly  thought  that  the  bile,  then  regarded 
as  a very  alkaline  fluid,  was  concerned  in  neutralising  the  acid 
of  the  chyme ; but  it  is  now  known  that  the  bile  is  but  feebly 
alkaline,  or  sometimes  even  neutral,  and  the  alkalinity  gradu- 
ally acquired  by  the  contents  of  the  small  intestine,  is  attri- 
buted partly  to  the  pancreatic  and  intestinal  j uices,  and  partly 
to  the  evolution  of  ammonia,  from  .slow  decomposition. 

The  bile  not  only  imparts  a bright  yellow  colour  to  the 
chyme  in  the  duodenum,  but  it  further  appears  to  exercise  an 
anti-putrescent  action,  thus  preventing,  or  retarding,  a fetid 
decomposition  of  the  contents  of  the  intestine ; for,  in  the 
absence  of  bile  from  the  alimentary  canal,  these  frequently 
become  decomposed,  causing  flatulence  and  diarrhosa.  In 
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experiments  made  with  bile,  out  of  the  body,  it  is  found  that 
various  fermenting  processes  are  arrested  by  that  fluid. 

The  colouring  matter,  with  the  cholesterin,  and  a certain 
portion  of  the  other  constituents  of  the  bile,  are  foimd,  more 
or  less  altered,  in  the  residue  of  digestion ; but  by  far  the 
larger  portion  of  its  characteristic,  conjugated  glycocholic  and 
taurocholic  acids,  is  absorbed  by  the  mucous  membrane  of 
the  intestine.  These  acids,  when  boiled  with  hydrochloric 
or  other  acids,  are  decomposed  into  cholalic  acid,  on  the  one 
hand,  and  glycocoll  and  taurin,  on  the  other.  The  cholahc 
acid  is  then  changed  into  choloidinic  acid,  and  this  again  into 
a resinoid  substance,  soluble  in  ether,  but  insoluble  in  Avater, 
called  dyslysin.  These  decompositions,  due,  atomically,  to  loss 
of  certain  atoms  of  water,  are  shoAvn  below : — 

Cholalic  acid  .... 

Choloidinic  acid,  and  1 water  . . + H,0 

Dyslysin,  and  2 water  ....  C.^jHjgOg  + 

Similar  decompositions  appear  to  occur  in  the  Ih'ing  body ; 
for,  in  the  small  intestine,  the  acids  of  the  bile  are  set  free 
from  their  soda  salts,  by  the  hydrochloric  and  other  acids  in 
the  chyme.  At  the  commencement  of  the  ilemn,  they  are 
already  half  decomposed,  and  partially  absorbed  : at  the  end 
of  the  ileum,  they  are  AvhoUy  decomposed ; whilst,  in  the 
contents  of  the  large  intestine,  only  dyslysin  is  present. 

Action  of  the  Pancreatic  Juice. 

The  pancreatic  juice,  or  so-called  abdominal  saliva,  possesses, 
like  that  fluid,  in  a remarkable  degree,  the  poAver  of  conA-erting 
starch  into  dextrin  and  grape  sugar.  The  fresh  juice  is  capa- 
ble of  so  converting  more  than  four  times  its  weight  of  starch ; 
the  substance  of  the  gland,  macerated  in  Avater,  also  exhibits 
this  poAver.  Hence,  probabl}',  it  aids  in  the  metamorphosis  of 
the  starch,  Avhich  has  escaped  tlie  action  of  the  saliA  a.  This, 
hoAvever,  is  a secondary  use  of  the  pancreatic  fluid ; for  the 
mucus  of  the  stomach  and  intestine,  and  the  intestinal  juice, 
also  subserve  this  purpose  ; moreover,  the  pancreas  is  as  large 
in  carniA^orous  mammalia,  the  natural  food  of  Avhich  contains 
no  starchy  matter,  as  it  is  in  the  herbiA'orous  species. 

The  action  of  the  pancreatic  juice  on  gelatinoid  substances, 
has  not  been  specially  studied ; but  opinions  differ  as  to  its 
poAver  oAmr  albuminoid  bodies.  It  is  by  most  authorities 
maintained,  that  it  does  not  digest  these  substances,  because  it 
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does  not  dissolve  them  in  experiments  out  of  the  body.  When 
the  pancreatic  juice,  or  the  infusion  of  the  gland  substance 
employed,  has  undergone  a kind  of  putrefaction,  such  solu- 
tion may  occur ; but  this  is  a condition  not  present  in  the 
living  body.  Moreover,  any  albuminoid  substances  mace- 
rated in  water,  will  putrefy  and  slowly  dissolve,  and  such 
jmtrefied  soluble  matter  rapidly  sets  up  similar  changes  in 
fresh  albuminoid  substances.  Corvisart  and  Meissner  believe, 
however,  that  the  pancreatic  juice  is  able  to  peptonise 
albuminoid  substances,  but  that  it  only  possesses  this  pro- 
perty when  they  have  been  previously  mixed  with  gastric 
juice  and  bile,  or  when  they  are  slightly  acidified  ; or,  as 
Bernard  supposes,  only  after  a certain  quantity  of  the  digested 
food  has  already  passed  into  the  circulation,  so  as  to  supjtly 
the  blood  with  materials  suitable  for  the  secretion  of  some 
special  product,  needed  for  a very  powerful  pancreatic  juice. 

Extirpation  of  the  pancreas  affords  no  certain  information 
concerning  the  use  of  its  secretion.  According  to  some,  the 
removal  of  the  gland  is  followed  by  the  absence  of  white  chyle 
in  the  lacteals,  and  the  presence  of  undigested  fat  in  the  contents 
of  the  large  intestine ; at  the  same  time,  emaciation  occurs. 
According  to  others,  when  this  gland  is  extirpated,  neither  a 
total  arrest  of  nutrition,  nor  death  by  starvation,  necessarily 
i'ollow,  every  constituent  of  the  food  still  undergoing  more  or 
less  perfect  digestion,  the  office  of  the  j^ancreatic  juice  being 
fulfilled  by  other  secretions.  Complete  degeneration  of  the 
pancreas  in  Man,  the  liver  and  other  organs  remaining  healthy, 
does  not  necessarily  interfere  with  the  digestive  process  ; but, 
in  certain  diseases  of  this  gland,  fatty  matter  has  been  observed 
to  pass  undigested  through  the  alimentary  canal.  The  use  of 
the  pancreatic  juice,  seems,  indeed,  to  be  subsidiary,  or  comple- 
mentary, to  the  other  digestive  fluids ; for  it  aids  the  saliva  in 
the  conversion  of  starch  into  sugar.  It  is  said  by  some  to  be 
able,  Avith  the  gastric  juice,  to  dissolve  albuminoid  matters, 
and  if,  as  is  generally  believed,  its  chief  office  is  to  digest  fatty 
matters,  it  must  co-operate,  in  some  manner,  rvith  the  bile. 

The  effects  of  the  pancreatic  juice,  on  fatty  matters,  have 
been  shown  by  experiments  out  of  the  body,  and  by  observa- 
tions on  living  animals.  If  either  the  fluid,  obtained  fresh 
from  pancreatic  fistulee  in  animals,  or  a Avatery  infusion  of  the 
substance  of  the  gland  just  taken  from  an  animal  killed  during 
the  digestive  process,  be  agitated  Avith  a neutral  fat,  and  the 
mixture  be  maintained  at  a temperature  of  100°,  the  fatty 
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substance  is  most  perfectly  emulsified,  the  action  being  much 
more  complete  and  durable  than  if  saliva,  bile,  intestinal  juice, 
or  any  other  animal  fluid,  had  been  employed.  The  emulsion 
lasts  as  long  as  eighteen  hours,  after  -which  the  fat  sepa- 
rates. It  is  found,  however,  that  a portion  of  the  olein,  mar- 
gariu,  and  stearin,  is  now  decomposed,  having  been  rapidly 
separated  into  the  corresponding  fatty  acids  and  glycerin. 
These  effects  are  most  marked  when  the  pancreatic  juice  is 
collected  a short  time  after  digestion  has  begun,  all  the 
characters  of  the  secretion  being  then  most  evident. 

This  remarkable  decomposition  is  usually  attributed  to  the 
pancreatin,  combined  with  the  operation  of  the  free  alkali  of  the 
fluid,  just  as  pepsin  with  an  acid,  effects  the  transformation  of 
albuminoid  substances.  The  pancreatic  juice  no  longer  pos- 
sesses this  power  of  decomposing  neutral  fats  into  their  fatty 
acids  and  glycerin,  in  the  presence  of  ordinary  acids,  which 
desti’oy  its  alkalinity  ; hence  it  has  been  urged,  that  the  acidity 
of  the  chyme  must  prevent  this  peculiar  decomposition.  But 
the  pancreatic  fluid  and  the  intestinal  juice  ai-e  strongly  alka- 
line, and  moreover,  the  bile  may  here  interpose,  and,  by 
means  of  the  soda  present  in  combination  with  its  conjugated 
acids,  may  neutralise  the  acids  of  the  chyme,  and  so  permit 
the  decomposition  of  the  neutral  fats  of  the  food  by  pancreatic 
juice;  for  this  process  may  not  be  interfered  with  by  the 
acids  of  the  bile,  which  are  themselves  fatty.  That  the  action 
of  the  pancreatic  juice  is,  in  some  important  way,  aided  bv 
the  bile,  and  conversely,  that  the  action  of  the  bile  is  seconded 
l)y  that  of  the  pancreatic  juice,  is  highly  probable,  from  the 
fact  that  they  are  discharged  into  the  intestinal  canal  so  near 
together,  generally,  indeed,  at  a common  orifice. 

It  happens,  however,  that  in  the  rabbit,  the  chief  pan- 
creatic duct  enters  the  small  intestine  rather  more  than  twelve 
inches  below  the  bile  duct,  which  opens  as  usual  a little  below 
the  pylorus  ; another  smaller  duct  also  exists,  but  it  is  almost 
impermeable.  This  arrangement  has  been  taken  advantage 
of,  in  physiological  experiments  on  the  use  of  the  pancreatic 
fluid.  The  most  interesting  and  important  of  these,  is  one 
originally  performed  by  Bernard,  and  since  repeated  by  others. 
A rabbit  is  crammed  with  fiit,  or  its  stomach  is  injected  with 
oily  matter,  and  it  is  afterwards  killed,  whilst  digestion  is 
going  on  ; it  is  then  found  that  the  fatty  matters  in  the  intes- 
tine, above  the  entrance  of  the  pancreatic  duct,  though  mixed 
with  the  bUe,  are  yet  unchanged ; whilst  below  that  point  they 
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begin  to  be  emulsified ; moreover,  the  lactesils,  or  absorbent 
vessels  of  the  intestine,  above  the  point  of  entrance  of  the 
pancreatic  duct,  although  bile  is  there  mixed  with  the  food, 
are  filled  only  with  a clear  transparent  fluid,  and,  indeed,  are 
mostly  invisible ; whilst,  at  a point  immediately  below  the 
entrance  of  the  pancreatic  duct,  those  vessels  are  charged  with 
their  characteristic  milk-white  fluid,  containing  fatty  particles. 
To  this  apparently  precise  and  unexceptionable  experiment,  it 
has  been  objected,  by  those  who  dispute  the  influence  of  the 
pancreatic  ji;ice  in  the  digestion  of  fiitty  matters,  that  the 
difference  in  the  contents  of  the  lacteals,  above,  and  be- 
low, the  entrance  of  the  pancreatic  duct,  depends  upon  the 
time  that  has  elapsed  before  the  animal  is  killed,  after  being 
fed  with  fat.  AVhen  this  is  done  within  two  hours,  it  is 
said,  that  the  lacteals  given  off  above  the  pancreatic  duct, 
are  found  filled  with  white  chyle ; but  if  the  animal  be  killed 
from  lour  to  six  hours  after,  the  lacteals  below  the  pan- 
creatic duct  are  alone  filled.  These  results  are  not  in 
accordance  with  the  experience  of  most  observers,  who  fully 
confii'm  those  obtained  by  Bernard.  It  is  further  stated 
by  that  experimenter,  that  ligature  of  the  pancreatic  duct, 
arrests  the  emulsification  and  absorption  of  fat,  but  this, 
again,  is  disputed  by  others.  The  opposite  conditions  observed 
by  them,  are  explained  by  Bernard,  on  the  supposition,  either 
that  the  smaller  pancreatic  duct  escaped  ligature,  or  that 
certain  minute  glands  of  the  duodenum,  in  jmrt  supplied  the 
place  of  the  pancreas.  It  has  been  asserted,  that  if  the  small 
intestine  be  tied,  in  cats  and  puppies,  below  the  entrance  of 
the  pancreatic  duct,  and  oil,  mixed  with  milk,  be  injected  into 
the  bowel  below  the  ligature,  the  lacteals,  after  a time,  become 
filled  with  white  chyle  (Frerichs).  It  is  also  said,  that  after 
the  formation  of  a pancreatic  fistula  in  a cow,  chyle  collected 
from  a fistula,  subsequently  made  in  the  thoracic  duct,  con- 
tains almost  as  much  fat  as  that  of  other  cows  in  which  no 
pancreatic  fistula  has  been  established  (Colin  and  Lasaigne). 
Furthermore  it  is  objected,  that  no  large  amount  of  saponified 
fat,  is  found  either  in  the  contents  of  the  intestine,  or  in  the 
chyle  itself,  as  might  be  expected,  if  the  pancreatic  juice 
decomposed  the  neutral  fats,  and  so  rendered  them  absorbable 
(Bidder  and  Schmidt). 

To  conclude  : first,  the  pancreatic  juice  exercises  a positive 
power  of  converting  starch  into  sugar,  and  so  may  aid  in 
digestion.  Secondly,  its  digestive  power  over  albuminoid 
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and  gelatinoid  bodies,  when  it  is  fresh,  is  very  slight,  but  more 
marked  when  it  is  acidified,  or  Avhen  it  co-operates  with  the 
gastric  juice.  Thirdly,  it  possesses  a remarkable  poAver  of 
emulsifying  fat,  and  rendering  it  absorbable,  more  marked  eA^en 
than  that  of  the  bile.  Lastly,  Avhilst,  out  of  the  body,  it  not 
only  emulsifies,  but  also  decomposes  the  neutral  fats  into  their 
fatty  acids  and  glycerin,  it  is  uncertain  Avhether  this  decompo- 
sition actually  takes  place  within  the  body. 

A case  has  been  recorded,  in  which  a calf’s  pancreas,  taken 
internally,  aided  the  assimilation  of  fat ; and,  quite  recently, 
preparations  of  pancreatin  made  from  animals,  like  those  of 
pepsin  long  employed,  have  been  administered  medicinally. 

Action  of  the  Intestinal  Juices. 

Oiving  to  the  mixture  of  secretions  in  the  intestinal  canal, 
it  is  difficult  to  determine  the  dige.stiA'e  properties  of  the 
intestinal  juices.  Portions  of  food,  enclo.sed  in  perforated 
tubes,  have  been  introduced  through  artificial  openings,  into 
the  small  intestine,  the  duodenum  being  first  tied,  in  order  to 
prevent  the  saliva,  gastric  juice,  bile,  and  pancreatic  juice, 
fi'om  passing  doA\m.  Other  experiments  haA-e  been  made,  by 
isolating  portions  of  the  small  intestine  and  its  contents,  bA' 
including  them  betAveen  tAvo  ligatures.  Various  kinds  of  food 
have  also  been  subjected  to  artificial  digestion,  outside  the  body, 
at  a proper  temperature,  in  the  juices  of  the  small  or  large  in- 
testine, or  Avith  portions  of  the  mucous  membrane  macerated  in 
Avater.  From  such  experiments,  seA^eral  conclusions  are  obA’ious. 
The  strongly  alkaline  intestinal  juice  certainly  converts  starch 
into  sugar,  many  believing  that  this  change  is  chiefly  accom- 
plished in  the  small  intestine ; sugar  itself  here  also  passes 
into  lactic  and  butyric  acids  ; it  acts  still  more  poAverfully  in 
the  solution  of  albuminoid  substances.  Lastly,  it  is  also  more 
or  less  capable  of  forming  an  emulsion  Avith  fat,  and  so  of  aiding 
the  pancreatic  juice,  or  even  of  supplying  its  place.  It  aa-ouM 
seem,  therefore,  that  the  intestinal  juice  operates  as  an  auxiliaiw 
digestive  agent  upon  the  three  principal  constituents  of  our 
food.  Its  effects  do  not  appear  to  be  interfered  with  by  those 
of  the  other  digestive  fluids.  The  action  of  the  secretion  of 
Brunner’s  glands,  and  that  of  the  intestinal  juice,  separately, 
are  quite  unknoAA’u. 
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Changes  of  the  Food  in  the  Small  and  Large  Intestine. 

Contents  of  those  Intestines. 

In  considering  the  changes  in  the  food,  which  occur  in  any 
given  part  of  the  intestine,  it  must  be  remembered,  that  the 
fluids,  poured  into  the  alimentary  canal  higher  up,  are  still 
present,  in  greater  or  Jess  quantity,  in  the  intestinal  contents 
lower  down,  and  doubtless  exercise  some  digestive  influence. 
Thus,  gastric  juice,  and  even  sahva,  must  be  present  in  the 
upper  part  of  the  duodenum,  and  more  or  less  pancreatic  juice 
and  bile,  in  the  lower  part  of  the  small  intestine.  The  venous 
pulpy  chyme,  poured  trom  the  stomach  into  the  small  intestine, 
is  acid,  and  brownish  or  variously  coloured;  but,  on  its  admix- 
ture with  the  bile  and  pancreatic  juice,  it  assumes  a bi’ight 
yellowish  colour  and  becomes  much  more  opaque,  owing  to 
the  addition  of  the  biliary  colouring  substances,  the  decompo- 
sition of  the  acids  by  the  bile,  and  the  gradual  emulsification 
of  the  fatty  substances  by  the  pancreatic  juice.  The  contents 
of  the  upper  part  of  the  small  intestine  are  still  acid,  partly 
from  the  acid  of  the  gastric  juice,  and  partly  from  the  acids  of 
the  bile,  which  are  set  fi-ee  by  the  former ; but  their  acidity  is 
gradually  diminished,  not  only  by  the  alkaline  pancreatic  juice, 
but  also,  and  chiefly,  by  the  even  more  powerfully  alkahne  intes- 
tinal juice.  The  hydrochloric  acid  of  the  gastric  juice,  is 
probably  soon  neutralised,  and  is  then  absorbed  into  the  blood, 
as  chloride  of  sodium  or  common  salt.  At  the  lower  end  of 
the  ileum,  the  reaction  of  the  residual  intestinal  contents,  is 
generally  stated  to  be  alkaline  ; but  near  that  point,  in  a case 
of  accidental  fistula  in  the  human  subject,  it  has  been  found 
acid,  notwithstanding  the  alkaline  condition  of  the  mucous 
membrane.  The  contents  of  the  csecum  are  said  to  be  acid  ; 
but  those  of  the  large  intestine  generally,  to  be  alkaline. 
Much,  however,  depends  on  the  nature  of  the  food ; for,  from 
the  formation  of  acetic  or  lactic  acid,  during  the  use  of  an 
excess  of  vegetable  diet,  the  contents  of  the  whole  intestinal 
canal  may  be  acid.  In  carnivora,  the  contents  of  the  cacum, 
from  the  presence  of  ammonia,  exhibit  an  alkaline  reaction, 
whilst  in  the  herbivora,  they  are  always  acid,  from  the  pre- 
sence of  lactic  acid. 

The  chemical  composition  of  the  contents  of  the  small 
intestine,  is  dependent  on  the  nature  of  the  food  taken.  It 
must  also  vary  at  different  parts  of  the  canal,  according  to  the 
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composition  and  quantity  of  the  secretions  mixed  with  it,  and 
according  to  the  relative  quantity  and  nattire  of  the  substances 
which  have  been  absorbed  fi'om  it.  Thi;s,  the  contents  of  the 
first  part  of  the  duodenum,  consist  of  the  acid  chyme,  with 
bile  and  pancreatic  juice,  i.  e.,  of  a mixture  of  the  food  taken, 
whether  this  be  bread,  milk,  meat,  or  eggs,  together  A\-ith 
saliva,  gastric  juice,  bile,  pancreatic  juice,  and  mucus,  minus  a 
certain  amount  of  the  water  and  dissolved  substances,  which 
have  already  been  absorbed.  These  substances,  which  are 
almost  exclusively  absorbed  by  the  blood  vessels,  consist  of 
suline  matters,  unaltered  starch,  sugar,  whether  pre-existing 
in  the  food,  or  produced  by  conversion  of  starch,  dissolved 
albuminoid  and  gelatinoid  substances,  in  the  shape  of  albu- 
minose  and  gelatin-peptone,  sabvin,  pepsin,  creatin  and 
other  extractive  matter.s,  and  lastly,  traces  of  alcoholic,  etherial, 
acid,  and  various  sapid,  substances.  The  sugar  found  here,  is 
said,  by  some,  to  be  grape  sugar,  the  conversion  of  cane  sugar 
into  grape  sugar  being  chiefly  accomplished,  in  this  part  of  the 
alimentary  canal,  by  the  agency  of  the  intestinal  juice.  No 
fatty  matter  is  yet  absorbed,  but  it  all  remains  in  the  contents  of 
the  upper  part  of  the  duodeniim.  Even  after  the  admixture  of 
the  bile  and  pancreatic  juice,  all  the  substances,  just  enume- 
rated, still  continue  to  undergo  solution  and  absoiqrtion,  and  the 
fatty  matters,  also  now  emulsified  and  rendered  absorbable,  are 
gradually  taken  up,  together  with  some  of  the  fatty  acids  of 
the  bile.  The  contents  of  the  small  intestine  are  thus  pro- 
gressively robbed  of  all  their  dissolved  or  emulsified  nutrient 
substances,  in  which  they  become  by  degrees  poorer.  Finally, 
passing  into  the  large  intestine,  they  acquire  a greater  con- 
sistence and  a darker  hue. 

The  contents  of  the  large  intestine  have  been  supposed  to 
undergo  an  imperfect  secondary  digestion  in  the  ca“cum  ; and 
there  are  reasons  for  believing,  that  such  a process,  due  to  the 
action  of  lactic  or  other  acid.s  and  of  the  intestinal  juices,  may, 
especially  after  heavy  meals,  be  continued  along  the  rest  of  the 
intestine.  This  may  explain  the  digestion  and  absorption  of 
the  nutrient  substances  in  enemas,  by  means  of  which  the 
system,  as  is  well  known,  may  be  for  a long  time  supported. 
Whether  starch  is  changed,  or  fat  emulsified,  is  uncertain.  The 
final  residue  consists  chiefly  of  the  insoluble  or  undigested 
portions  of  the  food,  broken  down  into  small  fragments.  In  it 
are  found,  particles  of  vegetable  matter,  such  as  unaltered 
starch-grains,  woody  fibre,  remains  of  vegetable  epidermic, 
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and  other  cells,  with  portions  of  spiral  and  annular  ducts.  Of 
animal  substances,  there  are  present,  portions  of  yellow  elastic 
tissue,  cartilage  cells,  unchanged  fat,  epidermoid,  and  epithelial 
cells,  unchanged  fragments  of  fibrous  tissue,  such  as  portions 
of  tendon  or  fascia,  and  muscular  fibres  more  or  less  altered, 
though  having  escaped  complete  digestion ; besides  this,  there 
are  certain  earthy  salts,  especially  the  ammonio-magnesian- 
phosphate,  with  the  phosphates  of  magnesia  and  of  lime. 
The  neutral  salts  of  the  vegetable  acids,  such  as  the  citrates, 
tartrates,  malates,  and  benzoates  of  potash  or  soda,  appear 
partially  in  the  contents  of  the  lower  part  of  the  large  intestine, 
as  carbonates,  the  rest  having  been  absorbed,  also,  it  is  said, 
chiefly  in  the  form  of  carbonates.  Furthermore,  the  fecal 
mass  contains  colouring  matters  and  other  substances  left  from 
the  almost  completely  changed  or  decomposed  bile,  such  as 
cholalic  and  choloidinic  acids,  traces  of  cholesterin,  and 
especially  the  substance  named  dyslysin,  also  a crystallisable 
substance  containing  sulphur,  named  excrefme  (Marcet),  traces 
of  stearic,  margaric,  and  a peculiar  fatty  acid  called  excreteric 
(Marcet'),  with  some  animal  matter,  probably  the  residue  of 
the  pancreatic  and  the  mucous  secretions,  especially  of  those  of 
the  larger  intestine.  It  appears  certain,  indeed,  that  the 
glandular  apparatus  of  the  intestines,  serves  to  excrete,  and 
thirs  eliminate  from  the  blood,  products  of  the  decomposition 
of  the  tissues,  which  would  be  injurious  if  retained  in  it; 
these  must  be  present  in  the  fecal  substance,  and  may  in 
great  part  explain  its  odour.  The  small  intestine,  with  its 
villous  mucous  membrane,  is  adapted  to  the  function  of  absorp- 
tion ; but  the  non-villous  mucous  coat  of  the  large  intestine 
appears  better  adapted  for  excretory  purposes.  The  percentage 
composition  of  the  ashes  of  the  daily  quantity  of  feculent  matter 
removed  from  the  body,  varie.s,  according  to  the  food,  from 
2 to  10  oz.  ; the  average  quantity  is  about  6 oz.,  of  which 
three-fourths  are  water.  The  percentage  composition  of  the 
ashes,  after  burning,  is  as  follows  : — 

Chloride  of  sodium,  alkaline  sulphates,  and  phosphate 


of  soda  (or  potash)  ......  4 

Phosphate  of  lime  and  phosphate  of  magnesia  . 81'o 

Sulphate  of  lime  .......  4'5 

Phosphate  of  iron  .......  2 

Silica  .........  8 


100- 

The  contents  of  the  stomach  invariably  include  a certain 
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quantity  of  atmospheric  air  (4  nitrogen  to  1 oxygen),  •which 
has  been  mixed  with  the  food  and  saliva  in  the  mouth,  and 
swallowed  with  them.  The  decomposition  of  the  amylaceous 
and  saccharine  food,  into  lactic  and  butyric  acid,  may  cause 
the  evolution  of  carbonic  acid  and  hydrogen.  The  oxygen, 
and  especially  the  carbonic  acid,  being  more  soluble  in  water, 
would  be  more  easily  absorbed  than  the  nitrogen  and  hydro- 
gen ; but  the  nitrogen  may  also  pass  into  the  blood.  An 
interchange  of  the  other  gases  with  carbonic  acid  from  the 
blood,  may  take  place,  by  what  might  be  termed  intestinal 
respiration.  In  the  small  intestine,  the  carbonic  acid  and 
hydrogen  relatively  increase  in  quantity,  the  nitrogen  remain- 
ing about  the  same ; tvhilst  the  oxygen  di.sappears.  On 
including  a loop  of  the  small  intestine  of  a living  animal, 
between  ligatures  at  two  different  points,  the  gases  of  the 
blood,  oxygen,  carbonic  acid,  and  nitrogen,  have  been  found  to 
pass  iiito  the  interior  of  the  intestine ; so  that  these  gases 
may  be  both  absorbed  from,  and  excreted  into,  the  intestinal 
canal.  In  the  large  intestine,  besides  carbonic  acid,  as  the 
principal  gas,  carburetted  hydrogen  may  appear,  owing  to  the 
slow  decomposition  of  its  contents ; nitrogen  abounds  after  a 
tlesh  diet,  and  hydrogen  after  a milk  diet ; lastly,  though,  it 
would  seem,  but  seldom,  as  a consequence  of  the  decomposition 
of  the  albuminoid  substances  containing  sulphur,  or  of  the 
taurin  of  the  bile  so  rich  in  that  element,  or  possibly  from 
the  de-oxidation  of  sulphates,  small  quantities  of  sulphuretted 
hydrogen  gas  are  evolved.  These  two  last-mentioned  gases 
may  also  be  absorbed  into  the  blood;  indeed,  it  has  been 
shown  experimentally,  that  animals  may  be  quickly  poisoned 
by  injecting  sulphuretted  hydrogen  into  the  large  intestine. 

The  time  taken  by  different  articles  of  diet  to  descend 
through  the  alimentary  canal,  varies.  Laxative  medicines  may 
pass  in  four  hours,  carbonate  of  iron  in  twelve  hours,  the 
coloiu'ing  matter  of  spinach  and  other  vegetables  in  eighteen 
hours,  and  grape-jjips  and  cherrt'-stones  in  from  three  to  fom 
days.  It  has  been  shown  that  it  is  useless,  and  perhaps 
imprudent,  to  administer  purgatives  immediately  after  the 
accidental  swallowing  of  buttons,  coins,  or  stones ; it  is  better 
to  administer  thick  tenacious  food  for  a day  or  two.  and  then 
give  a dose  of  castor  oil. 
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Summary  of  the  Chemistry  of  Digestion. 

We  have  seen  that  the  digestible  and  absorbable  parts  of 
food,  consist  chiefly  of  the  carbhydrates,  or  the  amylaceous, 
gummy,  and  saccharine  substances;  of  hydrocarbons,  or  fats 
and  oils ; of  nitrogenous  gelatinoid  and  albuminoid  substances, 
and  extractive  matters ; of  hydrocarbonaceous  alcohol  and 
organic  acids  ; of  saline  substances,  and  of  'water. 

Part  of  the  starch  is  converted,  by  the  saliva  in  the  mouth, 
into  glucose  or  grape  sugar;  this  change  still  goes  on  in  the 
stomach,  even  in  the  presence  of  the  gastric  juice  ; it  is  com- 
pleted, or,  according,  to  some,  chiefly  accomplished,  in  the 
interior  of  the  small  intestine,  by  the  continued  action  of  the 
saliva  and  by  the  superadded  agency  of  the  pancreatic  and 
intestinal  juices.  Cooked  starch  is  changed  more  rapidly  than 
ra’w  starch,  the  cells  of  which  sometimes  escape  digestion ; the 
emptied  envelopes  of  the  starch  grains  commonly  remain 
undigested.  Cane  sugar  (Bouchardat),  and  milk-sugar  (Leh- 
mann), are  for  the  most  part  converted  into  grape  sugar, 
in  the  stomach,  more  particxtlarly  in  the  intestine ; small 
quantities  of  cane  sugar  are  said  to  be  absorbed  without 
change  (Bernard).  The  grape  sugar,  thus  formed  from  starch 
and  other  sugars,  or  that  which  may  be  contained  in  the  food, 
is  principally  absorbed  as  such  by  the  blood  vessels;  but  it 
appears  partially  to  be  changed,  especially  when  abundantly 
taken,  within  the  alimentary  canal,  into  lactic  acid,  and  this 
again  into  butyric  acid,  with  an  accompanying  separation 
of  carbonic  acid  and  hydrogen.  Thus  : — 

1 1 Butyric  acid 

1 Grape  sugar  = 2 Lactic  acid  = 1 2 Carbonic  acid 

(4  Hydrogen 

I 

fCA02 

= 2C3H,03  = 2 CO, 

(4  H 

The  albuminoid  bodies  begin  to  be  digested  in  the  stomach, 
by  the  gastric  juice ; whilst  their  solution  is  continued,  and 
completed,  in  the  small  intestine,  by  the  additional  action  of 
the  intestinal  juice.  Pluid  albumen,  and  especially  vegetable 
albumen,  and  coagulated  fibrin,  are  easily  digested  ; coagtdated 
albumen,  casein,  gluten,  and  legumin,  more  slowly.  Casein 
is  first  precipitated  in  a flocculent  form,  and  then  dissolved. 
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All  albuminoid  substances  are  converted  at  once  into  albumi- 
nose  or  albumen-peptone.  Gelatin  and  gelatin- jdelding  tissues 
are  converted  into  gelatin-peptone.  These  peptones,  and  also 
the  saliva,  pepsin,  and  pancreatin,  are  absorbed  from  the 
stomach,  as  well  as  from  the  small  inte.stine,  and  chiefly  by  the 
blood  vessels. 

Fats,  whether  pure,  and  merely  melted  by  the  heat  of  the 
stomach,  or  whether  forming  part  of  an  organised  tissue,  and 
set  free  by  the  digestion  of  the  enveloping  areolar  tissue  and 
walls  of  the  adipose  cells,  coalesce,  into  small  drops,  in  the 
stomach  and  upper  part  of  the  duodenum.  In  the  small 
intestine,  so  long  as  its  contents  remain  acid,  the  fats  are 
merely  emulsified  by  the  pancreatic  juice,  aided  possibly  by 
the  bile  ; in  the  lower  portion  of  the  small  intestine,  however, 
■where  the  intestinal  contents  become  more  or  less  alka- 
line, certain  quantities  of  the  fat  are  probably  decomposed 
into  their  fatty  acids  and  glycerin,  by  the  further  action  of 
the  pancreatic  juice,  and  may  even  be  saponified  by  the 
strongly  alkaline  intestinal  juice.  Thus  emulsified,  decom- 
posed, or  saponified,  all  but  a small  residue  of  the  fatty 
matters  are  absorbed  by  the  lacteals  of  the  intestines. 

Alcohol,  in  all  its  forms,  ethers,  and  other  soluble  acid  and 
sapid  bodies  are  absorbed  imchanged,  along  the  whole  surface 
of  the  alimentary  canal,  chiefly,  if  not  entirely,  by  the  blood 
vessels.  This  absorption  begins  even  in  the  mouth,  otherwise 
these  st;bstances  would  produce  no  flavour.  The  organic  acids 
probably  decomposed  into  carbonates. 

The  extractive  matters,  creatin  and  creatinin,  the  cerebric 
acid,  those  which  are  uncrystallisable,  and  perhaps  some  of  the 
cruorin  and  myochrome,  are  also  probably  absorbed  without 
change,  by  the  blood  vessels. 

The  saline  constituents  of  the  food  are  chiefly  absorbed 
without  alteration  ; the  soluble  ones,  from  the  mouth,  stomach, 
and  intestinal  canal  generally  ; whilst  the  less  soluble  phos- 
phates of  magnesia  and  lime,  appear  rather  to  be  dissolved  in 
the  large  intestine.  Any  carbonates  contained  in  the  food  or 
drink,  must  be  decomposed  by  the  acids  of  the  gastric  juice, 
by  the  lactic  acid  of  the  food,  and  by  the  acids  resulting  from 
the  decomposition  of  saccharine  matters.  The  salts  formed 
by  such  organic  acids  with  soda  or  potash,  are  either  absorbed 
into  the  blood,  and  there  converted  into  carbonates,  or  they 
are  thus  changed  in  the  intestinal  canal. 

Water  remains  undecomposed,  and  is  absorbed  freely  during 
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the  digestive  process,  constituting  the  natural  menstruum, 
in  -wliich  the  different  soluble  substances  are  dissolved,  and  in 
which  the  fatty  matters  are  suspended. 

Of  substances,  the  digestion  of  which  is  doubtful,  may  be 
mentioned  vegetable  mucus,  gums,  pectin,  and  cellulose.  The 
three  former,  though  soft  and  tender  substances,  miscible 
but  probably  not  actirally  soluble  iu  water,  are  said,  by  some, 
indeed,  neither  to  be  capable  of  being  absorbed,  nor  jmt  to 
be  so  chemically  changed,  as  to  become  so.  The  softer  kinds 
of  cellulose,  such  as  that  contained  in  the  growing  tissue.s 
of  green  vegetables,  in  the  tuber  of  the  potato,  and  in  the 
pulp  of  fruits,  are  supposed  to  be  dissolved  in  small  quantity,  if 
not  for  nutrient  purposes,  yet  in  order  to  set  free  their  starchy, 
gummy,  saccharine,  and  albuminoid  contents.  Herbivorous 
animals,  however,  certainly  digest  large  quantities  of  cellulose 
and  vegetable  pectin,  by  changing  them  into  sugar.  Chloro- 
phyll, speaking  generally,  is  indigestible.  Though  putrescent 
meat,  such  as  high  game,  may  be  first  sweetened,  and  then 
digested  by  the  gastric  juice,  yet  certain  decomposing  sub- 
stances, like  poisonous  or  fermenting  sausages,  cannot  be 
corrected  by  the  juices  of  the  stomach,  but  excite  vomiting 
and  diarrhcna,  and,  when  absorbed,  often  prove  fatal. 

Circmnstances  tvhich  modify  Digestion. 

The  rate  of  gastric  digestion  of  certain  articles  of  diet,  has 
already  been  mentioned  (p.  92).  It  pai-tly  depends  on  the 
relative  solubility  of  the  various  proximate  constituents  of  the 
food  ; but  it  may  also  be  greatly  modified  by  other  circum- 
stances, such  as  the  quantity,  consistence,  and  peculiar  mix- 
tures of  the  food,  its  condition  of  subdivision,  its  absolute 
quantity,  the  relative  quantity  of  its  different  constituents,  the 
absence  or  presence  of  stimulating  substances,  the  conditions 
of  the  nervous  system,  the  state  of  sleeping  or  waking,  the 
condition  of  the  body  as  regards  health,  habit,  individual 
peculiarities,  bodily  fatigue,  and  even  the  condition  of  the 
mind.  Rest  and  exercise  also  affect  the  digestive  process. 

The  more  rapidly  and  perfectly  the  constituents  of  any 
given  kind  of  food,  are  capable  of  being  dissolved,  the  more 
easily  such  food  is  digested,  and  vice  versa.  As  a rule,  bread, 
not  too  new,  nearly  all  kinds  of  meat,  poultry  and  white  fish, 
eggs,  milk,  jelly,and  the  gelatin-forming  ti.ssues,  and  well-boiled 
potatoes,  are  easy  of  digestion  ; whilst  new  bread  and  potatoes, 
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fatty  meats,  fat,  tendons,  cartilage,  cheese,  and  green  vegetables 
are  more  difficult  of  digestion.  Hard-boiled  eggs  are,  of  course, 
more  difficult  to  digest  than  the  fine  coagulum  of  albumen 
formed  in  a custard,  or  in  the  gravy  of  meat,  owing  obviously 
to  the  difference  of  consistence  and  degree  of  subdivision  in 
the  two  cases.  Mashed  potatoes  and  finely  grated  cheese,  and 
soft  cream-  and  milk- cheeses,  are  more  easily  and  rapidly 
digested  than  plain  boiled  potatoes  or  hard  cheese.  Again,  all 
vegetable  substances  too  much  matured,  and  therefore  com- 
posed of  cells  having  harder  cell  walls,  are  more  difficult  to 
digest,  and  hence  require  much  cooking,  and  artificial  sub- 
division, to  burst  and  break  down  the  cells,  and  permit  the 
digestive  juices  to  enter  their  interior,  and  act  on  their  con- 
tents. Carrots,  turnips,  cabbages,  celery,  artichokes,  aspara- 
gus, and  onions,  may  be  classed  in  this  category.-  Even  the 
cooking  of  flour,  and  of  all  other  amylaceous  articles  of  diet, 
helps  digestion  in  an  extraordinary  degree,  by  bursting  or 
swelling  the  fecida  or  starch  grains.  Large  quantities  of  adi- 
pose tissue,  intermixed  with  muscitlar  tissue,  probably  impede 
the  penetration  of  the  gastric  juice,  and  so  render  too  fat  meats, 
such  as  pork,  and  also  oily  fish,  as,  for  example,  salmon,  com- 
paratively indigestible.  It  has  been  found  that  the  flesh  of 
animals  living  in  a wild  state,  is  more  digestible  than  that  of 
the  allied  tame  species,  probably  owing  to  the  more  fatty 
muscular  tissues  of  the  latter.  A large  quantity  of  fat,  in  the 
shape  of  fatty  tissue,  taken  with  other  food,  may  have  the  same 
effect  of  interfering  with  digestion ; but  such  fatty  tissue  is 
far  preferable  to  fat  itself,  and  more  easy  of  digestion,  because 
it  is  contained  in  areolar  tissue,  and  is  divided  into  minute 
spherules  -within  the  fine  adipose  cells,  so  that  the  gastric 
juice  percolates  it  with  comparative  facility.  Hence  suet  and 
cooked  fat  are  more  digestible  than  the  melted  fat  derived 
from  them,  and  swimming  on  the  suriace  of  gra-iy.  Pure  solid 
fats  having  a granulated  texture,  especially  cold  butter,  the 
particles  of  ^vhich  adhere  together,  as  it  were,  only  by  certain 
points  of  contact,  are  more  easily  digested  than  the  same  fats 
taken  in  a melted  condition,  such  as  oiled  butter,  in  which, 
the  oleaginous  particles  havm  completely  coalesced.  It  is  pos- 
sible, also,  that  the  heating  of  fatty  matters  determines  slight 
chemical  changes,  inconsistent  with  easy  digestion.  But  per- 
haps the  most  objectionable  effect  of  fat,  is  that  which  occurs 
in  certain  processes  of  cooking,  in  which  it  saturates  heated  or 
dried  albuminoid,  gelatinoid,  or  amj-laceous  substances,  and 
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SO  preoccupies  their  interstices,  as  to  render  them  extremely 
difficult  of  penetration  by  the  gastric  juice,  which  is  aqueous, 
as  in  the  case  of  buttered  toast,  or  greasy  hot  dishes  of  any 
kind.  Moreover,  OAving  to  the  liigh  temperature  in  roasting 
or  baking,  the  substances  above  mentioned,  as  Avell  as  the  fats 
themselves,  sometimes  undergo  peculiar  chemical  changes, 
by  which  acrolein,  or  other  pyrogenic  compounds  are  per- 
haps developed.  These  latter  conditions  are  met  tvith  in  the 
burnt  parts  of  roasted  joints,  in  over-roasted,  baked,  or  fried 
parts  of  the  skin  of  poultry  or  of  fish,  and  especially  in  greasy 
and  burnt  pie -crust. 

It  Avould  seem  that  animal  albuminoid  substances,  held  in 
solution,  as  in  soups  and  broths,  are  not  more  easily  digested 
than  the  same  substances  in  a solid  form ; lor  the  water 
requires  to  be  almost  entirely  absorbed,  before  the  nutrient 
principles  can  be  converted  into  peptones.  Hence,  solid  food, 
even  in  the  case  of  many  invalids,  is  more  suitable  than 
bulky  fluid  food.  It  is  said  that  dextrin,  introduced  into  the 
system,  favours  the  digestion  of  albumen  (SchilF)  ; this  affords 
an  illustration  of  the  adA^antage  of  mixed  diets. 

Too  large  a quantity  of  food,  at  any  one  meal,  also  renders 
digestion  proportionally  difficult.  When  the  digestive  poAvers 
are  Aveak,  the  bad  effect  of  quantity  is  much  more  obA'ious. 
It  is  believed  that  the  secretion  of  the  gastric  juice  especially, 
is  regulated,  as  to  quantity,  more  by  the  demands  of  the 
body,  than  by  the  amount  of  food  taken  ; hence,  an  excess  of 
food,  not  only  remains  undigested,  but  acts  as  an  irritant  to 
the  stomach  itself,  lessening  its  further  secreting  poAver,  and,  if 
passed  on  into  the  duodenum,  causing  more  or  less  disturbance 
to  the  system.  At  the  same  time,  some  solid  substance  is 
essential  or  favourable  to  digestion ; hence,  perhaps,  the  habit 
of  certain  nations,  mixing,  Avith  their  scanty  food,  some  indi- 
gestible material,  such  as  saAA"-dust  or  earth,  which  can  only 
increase  its  buffi.  After  a very  heavy  meal  has  been  digested, 
the  stomach  secretes  but  a A^ery  Aveak  gastric  juice  (Schiff). 

The  effects  of  cold  AA^ater,  or  ice,  in  repressing  the  secretion 
of  the  gastric  juice,  and  so  retarding  the  digestive  process, 
have  been  already  mentioned  ; the  reduction  of  the  tempera- 
ture of  the  stomach,  and  the  retardation  of  the  capillary  cir- 
culation, afibrd  an  explanation  of  these  facts ; taken  in  large 
quantities,  Avith  or  after  food,  ices  and  iced  beverages  must 
suspend  digestion.  On  the  other  hand,  digestion  is  un- 
doubtedly favoured  by  moderate  quantities  of  alcohol,  also  by 
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salt,  vinegar,  lemon  juice,  pickles,  sauces,  and  spices,  these 
substances  acting  as  stimulants  to  the  secreting  processes 
necessary  for  digestion,  especially  to  that  of  the  gastric  juice  ; 
vinegar,  moreover,  contributes,  by  its  acidity,  to  swell  and 
pulpify  albuminoid  substances.  Lemon  juice  yields,  in  addi- 
tion, potash  salts  to  the  blood.  AYines  and  beers  also  contain 
potash,  magnesia,  and  lime  ; the  red  wines  e.specially,  yield 
small  quantities  of  tannin,  and  traces  of  iron. 

Severe  exercise  of  the  body,  or  active  employment  of  the 
mind,  too  soon  after  a meal,  hinders  digestion  ; even  moderate 
exertion  of  the  body  is  not  desirable  immediately  after  a full 
meal,  rest  being  found  decidedly  to  favour  digestion  ; but 
persons  of  sedentary  habits  digest  slowly.  Sleep  is  said  to 
i-etard  this  process,  but  otherwise  does  not  interfere  with  it. 
Mental  emotion  may  arrest  digestion,  perhaps,  by  putting  a stop 
to  the  secretion  of  gastric  juice.  Digestion,  as  already  men- 
tioned, requires,  for  its  due  performance,  the  secretion  of  large 
quantities  of  the  digestive  fluids,  and  this  can  only  be  accom- 
plished by  an  incresed  supply  of  blood  to  the  organs  concerned 
in  this  function ; hence,  any  acts  which  determine  the  blood 
strongly  to  the  brain  or  muscles,  interfere  with  it. 

Habit  has  an  extraordinary  effect  in  modifying  the  digestive 
power  in  particular  instances ; thus,  infants  or  invalids,  who 
have  been  habitually  fed  on  fluid  and  easily  digested  food,  are 
inconvenienced,  or  injured,  by  the  use  of  hard  food  difficult  of 
digestion,  and  can  only  by  degrees  acquire,  or  regain,  a stronger 
digestive  power.  Those  persons,  even,  who  are  accustomed 
to  take  food  of  a dry  and  hard  nature,  and  requiring  strong 
digestive  powers,  have  their  digestive  organs  deranged  by  the 
use  of  soft  and  succulent  food,  which  they  can  only  properly 
digest  after  a kind  of  education.  A certain  effort  in  the  di- 
gestive act,  is  probably  beneficial,  as  it  is  natural  to  the  system. 

Custom,  and  differences  of  climate,  explain  the  well  known 
national  peculiarities  of  diet,  and  also  the  fact  that,  as  a rule, 
a foreign  dietary,  unless  modified,  or  gradually  adopted,  is  less 
adapted  to  the  digestive  powers  of  individuals  of  different 
nations  and  climates. 

Finally,  the  effects  of  individual  differences,  or,  as  they  are 
called,  idinsyncracies,  are  truly  remarkable  in  the  case  of  the 
digestive  functions.  In  certain  instances,  particuku-,  and  per- 
haps not  otherwise  difficultly  digestible,  substances  invariably 
produce  the  most  serious  pain  and  disorder ; whilst  substances 
ordinarily  indigestible,  may  perhaps  be  readily  digested. 
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Thus,  for  example,  oysters,  lobsters,  crabs,  and  salmon,  will  each 
produce,  in  different  persons,  severe  attacks  of  indigestion, 
and  even  give  rise  to  eruptions  on  the  skin.  In  some  persons, 
strawberries  are  known  to  produce  a similar  effect ; and  to 
others,  cucumber  is  almost  a certain  poison. 

Relative  Value  of  different  Foods. 

The  following  Table,  chiefly  from  Vierordt,  exliibits  the  com- 
position of  a few  of  the  great  variety  of  articles  of  food  consumed 
by  Man.  It  shows  the  total  amount  of  solids,  and  the  propor- 
tions of  organic  proximate  constituents,  salts,  and  water,  in  each 
article  of  diet ; also  the  relative  amount  of  its  nitrogenous  and 
non-nitrogenous  constituents,  and,  as  regards  the  latter,  the 
respective  quantities  of  oleaginous,  amylaceous,  and  saccharine 
matters.  The  relative  value  of  different  articles  of  diet,  for 
plastic  or  tissue-forming  purposes,  for  calorific  or  respiratory 
purposes,  or  for  maintaining  the  proper  saline  constitution  of 
the  blood,  is  thus  shown,  so  far  as  their  chemical  composition 
is  concerned;  but  this  alone  affoixls  no  sufficient  indication 
for  the  practical  choice  of  diet  in  individual  cases,  so  much 
depending  on  the  physical  characters  and  mode  of  prepar- 
ation of  food,  as  well  as  on  the  age  and  idiosyncracies  of  the 
individual. 

The  total  quantity  of  solids,  shown  in  the  first  column  of  the 
following  Table,  reveals  the  highly  nutritive  quality  of  legu- 
minous and  cereal  food,  butter,  cheese,  and  eggs,  in  comparison 
with  meat ; but  such  general  comparisons  are  inexact,  for  the 
proportions  of  non-nitrogenous  and  nitrogenous  substances,  in 
each  kind  of  food,  are  not  taken  into  account.  As  regards  the 
latter,  cheese  is  the  most  nutritious  diet,  then  the  leguminous 
seeds,  next  meat,  and  then,  in  order,  the  yolk  of  egg,  flour,  the 
white  of  egg,  and  bread.  As  regards  fat,  the  order  of  nutritive 
value  is,  butter,  yolk  of  egg,  and  cheese.  Starch  and  sugar  are 
most  abundant  in  wheat,  next  in  the  leguminosa  and  the  in- 
ferior cereals,  less  so  in  potatoes,  and  least  in  the  succulent 
vegetables  and  fruits. 

Cheese  is  an  extraordinarily  concentrated  diet;  the  legu- 
minosa are  highly  nutritious,  especially  those  grown  in  hot 
countries,  but  they  require  a thorough  preparation  and  good 
cooking  ; the  great  merit  of  bread,  is  its  soft,  porous,  permeable, 
and  well-cooked  substance ; the  advantage  of  meat  consists 
in  its  concentrated,  yet  succulent,  tender,  and  easily  digested 
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substance,  and  in  its  containing  the  very  elements  of  the  tissues 
and  the  blood,  even  fat,  creatin,  and  the  potash  salts.  Potatoes 
are  a weak  food,  one  pound  being  only  equal  to  about  six 
ounces  of  bread,  and  four  ounces  and  a half  of  lentils ; they  are 
not  much  more  nutritious  than  the  succulent  vegetables, 
but,  like  these  and  fruits,  they  contain,  which  bread  does 
not,  potash,  so  essential  to  the  muscles ; hence,  perhaps,  their 
utility  in  preventing  and  curing  scurvy. 

A well  selected  vegetarian  diet  is  quite  equal  to  the  main- 
tenance of  life  and  health  ; the  Japanese,  the  Hindoos,  and 
the  lazarroni  of  Naples,  subsist  chiefly  on  a vegetable  diet.  The 
macaronis  and  vermicellis  are  composed  of  gluten,  Avith  but  a 
small  proportion  of  starch.  Indian  com,  and  also  Avheat,  though 
not  in  such  quantity,  contain  cerebric  acid,  a remarkable 
nitrogenous  compound,  found  in  the  nervous  substance,  of  very 
high  atomic  constitution.  Broth  is  a very  Aveak  nutriment, 
even  AAdien  some  strong  farinaceous  element  is  added  to  it ; so 
is  beef  tea,  if  improperly  prepared.  Meat  contains  prin- 
ciples Avdiich  may  be  extracted,  some  better  by  cold  water, 
others  by  Avarm  Avater,  and  others,  again,  by  boiling  ; it  should, 
therefore,  be  cut  into  small  pieces,  be  submitted  for  three 
hours  each  time,  in  succession,  to  half  its  A\-eight  of  co/rf,  of 
and  of  boiling  Avater ; the  fluids,  strained  off  from  the 
first  and  second  macerations,  are  to  be  mixed  Avith  that  strained 
off  hot  from  the  third  or  boiling  process,  and  the  mixture  should 
be  just  brought  to  a boiling  heat  to  cook  it ; the  fat  should  be 
skimmed  off;  a feAv  drops  of  some  acid,  with  salt,  will  increase 
the  flavour.  Thus  prepared,  beef-tea  contains  albumen, 
ti'aces of  syntonin,  fibi'in,  cruorin, and  myochrome,  in  a flocculent 
state ; and  gelatin,  creatin,  cerebric  acid,  perhaps  glycogen, 
i nosite,  paralactic,  lactic,  and  inosinic  acids,  and  salts  of  potash, 
soda,  and  magnesia,  in  a state  of  solution ; nearly  all  the 
.syntonin  remains  in  the  shrunken  meat;  the  fat  is  never 
absolutely  removed.  Beef-tea,  if  good,  is  a light,  nutritious, 
easily  assimilated,  conserA'ative,  and  stimulating  food.  The 
now  much  used  extractum  carnis  or  extract  of  meat,  is  the  in- 
spissated juice  of  meat,  and  resembles  a viscid  beef-tea ; but  it 
contains  no  gelatin,  and  no  glycogen  or  sugar  ; to  be  truly 
nourishing,  it  requires  the  addition  of  some  albuminoid  and 
amylaceous  materials.  Malt  liquors  are  more  nutritious  than 
Aveak  beef-tea.  Alcohol  stimulates,  and  develops  heat;  it 
seems  to  be  partly  digested  and  oxidised,  though  a great 
jjortion  escapes  unchanged  by  the  lungs,  skin,  and  kidneys. 
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Remarks. 

Also  M3-ochroine  and  Cruorin,  and  often  Glyco- 
Strong  broth,  3 per  cent,  of  solids.  [gen. 

The  Starch  is  Glycogen. 

Cerebric  Acid.  The  white  is  twice  the  weight 
[of  the  yolk. 

Some  volatile  fatty  acids. 

Indian  corn  especially  contains  Cerebric  Acid. 

Some  of  the  Sugar  is  Inosite. 

Organic  Acid  1* 

Organic  Acid  *5-l* 

Organic  Acid  *7 
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THE  ORGANS  AND  FUNCTION  OF  DIGESTION  IN  ANIJIALS. 

The  process  of  digestion,  by  which  food  is  dissolred  and  rendered 
absorbalDle  by  the  living  body,  is  almost  -universally  performed  by  ani- 
mals ; and  a digestive  apparatus  is  found  in  nearly  all  animals,  a few 
Entozoa  and  most  Protozoa  excepted. 

The  general  idea  of  such  an  apparatus,  is  an  internal  digestive  cavitv, 
communicating  -with  the  exterior.  The  plan  of  construction  of  this 
internal  receptacle,  presents  a general  resemblance  in  each  separate 
Sub-kingdom,  but  in  each,  it  offers  further  modifications.  These  are  the 
most  varied  and  detailed  in  the  Yertebrata,  but  they  exist  also  in  the 
Mollusca  and  Annulosa,  and  may  be  traced  in  the  Molluscoida,  Annu- 
loida,  and  even  in  the  Ccelenterata.  In  the  Yertebrata,  the  plan  is  not 
only  modified  in  each  Class,  but,  inthe  Alammalia  especially,  it  presents 
peculiar  adaptations,  suiting  it  to  the  carnivorous,  insectivorous,  frugivo- 
rous,  herbivorous,  omnivorous,  and  marine  habits  of  the  animals  com- 
posing its  several  Orders.  The  digestive  apparatus  becomes,  indeed, 
like  the  rest  of  the  economy,  more  complex  as  -we  ascend  in  the  animal 
scale ; and  its  diversities  of  form  and  structure  become  most  obvious  in 
the  highest  groups. 

The  digestive  ca-rity  usually  takes  the  form  of  an  alimentary  canal, 
■which,  in  its  perfect  condition,  presents  two  orifices,  an  inlet,  and  an 
outlet.  It  is  usually  divisible  into  an  oesophagus  or  gullet,  a stomach, 
and  an  intestine.  Its  relative  length  and  capacity,  and  the  complication 
of  its  superadded  parts  in  anj'  given  case,  have  reference  chiefly  to  the 
nature  of  the  food.  Thus  the  vegetable-feeding  species  of  any  group,  be 
it  Order,  Class,  or  Sub-kingdom,  have  a longer,  more  capacious,  and  more 
complicated  apparatus,  than  their  congeners  which  live  upon  animal  food. 
This  fact  is  illustrated  by  comparing  the  snail  -with  the  oyster,  most 
insects  with  spiders,  the  caterpillar  with  the  perfect  insect,  the  tadpole 
with  the  perfect  frog,  the  vegetable-feeding  tiufles  and  tortoises  -with 
the  carnivorous  fishes,  the  granivorous  with  the  carnivorous  birds,  and 
the  herbivorous  -with  the  carnivorous  quadrupeds. 

It  is  said  that  the  intestine  of  the  domestic  cat,  is  longer  than  that  of 
the  wild  cat,  and  even  that  the  same  is  the  case  -with  the  vegetarian 
races  of  men,  as  compared  with  men  generally.  The  greater  length  and 
complication  of  the  alimentary  canal  in  vegetable  feeders,  are  owing  to 
their  food  requiring  more  prolonged  digestion  than  an  animal  diet ; its 
increased  capacity  is  due  to  the  fact,  that  to  obtain  a given  quantity  of 
nutriment  capable  of  supporting  life,  a greater  bulk  of  vegetable  food  is 
required  than  of  animal  food,  particularly  so,  when  that  consists,  not  of 
fruit  and  seeds,  but  of  grasses,  or  the  green  parts  of  herbs  and  trees, 
as  is  the  case  -with  the  food  of  the  Euminants,  Solipeds,  and  Pachyderms. 

The  digestive  apparatus  is  also  modified  to  suit  the  physicid  condi- 
tion of  hardness  or  softness  of  the  food,  and  the  various  modes  in 
which  the  animal  must  seize,  crop,  and  masticate  it;  hence  the  existence 
of  modifications  in  the  prehensile  and  masticator}- apparatus,  the  month, 
teeth,  and  gizzard.  Furthermore,  the  periods  of  feeding  influence  the 
form  of  the  digestive  organs ; animals  of  the  same  order,  Euminants 
for  example,  which  feed  constantly,  having  a simpler  construction  of  the 
stomach  than  those  which,  by  instinct  or  necessity,  take  food  or  drink  at 
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longer  intervals  ; hence  the  great  capacity  of  the  stomach  and  large  intes- 
tine in  the  Ruminants,  Solipeds,  and  Pachyderms  generally,  theexistence 
of  water-cells  in  the  paunch  of  the  camel,  and  the  presence  of  large 
crops  in  many  granivorous  birds.  In  the  Class  of  Birds  generally,  an 
example  is  met  with  of  a modification  dependent  on  the  plan  of  the 
Class  itself ; for  a heavy  external  masticating  apparatus,  connected  with 
the  head,  being  inconsistent  with  the  organic  aim  of  construction  for 
fiight,  an  internal  crushing  apparatus,  or  gizzard,  is  present  where  the 
food  requires  it. 


Prehension  of  Food  in  A nimals. 

Mammalia. — The  prehensile  limbs  of  the  Quadrumana  seize  the  food, 
and  transfer  it  to  the  mouth.  In  the  feline  tribe,  the  paws  serve  to  cap- 
ture living  prey,  but  do  not  convey  it  to  the  mouth,  this  being  accom- 
plished by  movements  of  the  head  and  jaws.  In  many  Rodents,  as  in 
the  squirrel,  rat,  mouse,  and  guinea-pig,  and  also  in  the  kangaroo,  and 
other  Marsupials,  the  two  anterior  limbs  are  often  used  together  for 
holding  food,  and  approximating  it  to  the  mouth.  In  most  Mammalia, 
however,  the  anterior  limbs  are  organised  for  locomotion,  and  the  jaws 
and  teeth  are  the  instruments  used  for  capturing  or  cropping  the  food,  and 
for  its  introduction  into  the  mouth.  In  all  cases,  the  lips  are  employed. 
The  act  of  sucking,  characteristic  of  all  young  Mammalia,  and  that  of 
drinking  in  the  adult,  is  performed  by  the  lips,  cheeks,  and  tongue,  and 
the  lapping  of  the  Carnivora,  by  the  latter  organ  only. 

Special  contrivances  for  the  seizure  of  the  food,  are  noticed  in  the 
snout  of  the  tapir,  the  proboscis  of  the  elephant,  the  long  tongue  of  the 
giraffe,  and  the  extensible  viscid  tongue  of  the  ant-eaters.  The  marine 
and  piscine  Cetacea,  have  either  rudimentary  or  no  limbs ; some,  like  the 
dolphin  and  porpoise,  seize  their  prey  by  means  of  their  many-toothed 
jaws  ; the  whale-bone  whale  opens  its  huge  mouth,  as  it  moves  through 
the  water,  which,  entering  that  cavity,  filters  through  the  numerous 
whale-bone  plates,  descending  from  the  upper  jaw  and  fringing  the 
sides  of  the  mouth,  and  so  leaves  multitudes  of  soft  marine  creatures, 
Pteropods  and  others,  in  the  interior  of  the  mouth,  ready  to  be  swal- 
lowed; lastly,  the  vegetable-feeding  dugong  employs  its  lips  and  jaws. 
The  ornithorhynchus  takes  its  food  by  its  duck-bill  horny  mandibles.  In 
a few  Mammalia,  as  in  certain  Quadrumana,  Bats,  and  Rodents,  cheek- 
pouches  exist  for  the  temporary  reception  of  food  ; these  are  very  large 
in  the  hamster  and  opossum. 

Birds.  —The  raptorial  species,  and  also  the  parrots,  use  the  foot  pre- 
hensively,  as  well  as  the  jaws.  In  most  birds,  however,  the  bill  is  the 
substitute  for  the  tooth-bearing  jaws  and  fleshy  lips  of  the  Mammalia, 
and  the  shape  of  this  most  characteristic  part  in  Birds,  is  variously 
modified  to  suit  the  character  of  the  food.  Thus,  it  is  short  and  strong 
in  the  granivorous  sparrows  and  linnets  ; long  and  tender  in  the  small 
insectivorous  warblers  and  fly-catchers  ; notched  in  other  insectivorous 
birds,  as  in  the  shrikes  ; short  and  gaping  in  the  swallows  and  night- 
jars, which  catch  their  prey  upon  the  wing  ; strong  and  hooked  in  the 
rapacious  eagles  and  vultures,  which  tear  up  their  food  ; long,  conical, 
and  of  great  strength,  in  the  digging  rook,  and  in  the  wood-peckers, 
which  pierce  the  bark  of  trees ; short,  curved,  and  of  great  depth  in  the 
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parrot  tribe,  -srliicii  can  crush  hard  nuts ; exceedingly  delicate  and  taper- 
ing in  the  humming  birds,  to  enable  them  to  penetrate  the  tubular 
corollas  of  flowers ; ponderous  and  ungainly  in  shape,  in  the  toucan 
and  the  adjutant ; long,  strong,  and  pointed,  for  the  catching  of  fish,  in 
the  herons,  storks,  and  kingfishers ; elongated  and  suctorial,  in  the 
snipes  and  sandpipers,  which  seek  their  food  in  bogs  or  sands;  flattened, 
grooved,  and  sensitive,  in  the  ducks,  geese,  swans,  and  spoonbills;  or 
it  presents  still  other  forms,  for  holding  fish,  as  in  the  pelicans,  pilgrims, 
albatross,  penguins,  and  auks.  In  the  cross-bills,  the  mandibles,  when 
closed,  pass  by  each  other  so  as  to  present  the  appearance  of  a deformity, 
but  this  peculiar  conformation  enables  them  to  extract,  with  great 
facility,  the  seeds  from  the  fir  cones.  The  young  pigeon  is  fed  on  the 
regurgitated  contents  of  the  crop  of  the  mother-bird.  This  is  accom- 
plished, not,  as  is  usuallj'  stated,  by  the  mother  placing  its  bill  in  the 
mouth  of  the  young  bird,  but  by  the  very  opposite  maucEuvre.  The  lower 
mandible  of  the  young  pigeon,  is  elongated  and  boat-shaped,  and,  for  a 
time,  of  disproportionate  size  as  compared  with  the  upper  mandible  ; 
hence  it  forms  a sort  of  spoon  for  the  reception  of  the  food  taken  from 
the  gullet  of  its  parent ; as  the  pigeon  grows,  the  lower  mandible  becomes 
relatively  smaller  (Tegetmeier).  In  the  parrots  and  woodpeckers,  the 
tongue  is  prehensile. 

Reptiles. — These,  like  birds,  have  no  lips.  They  capture  their  prey 
with  the  jaws,  witich  are  horny  in  the  Chelonians,  have  small  teeth  in 
the  Ophidians,  powerful  teeth  in  the  larger  Saurians,  and  delicate  and 
even  complex  teeth  in  the  small  insectivorous  species.  The  limbless 
serpents  crush  their  prey  in  their  coils,  before  swallowing  it.  The  pre- 
hensile tongue  of  the  chameleon  is  well  known. 

Amphibia. — In  these  animals,  the  soft  lips  and  jaws  are  sometimes 
provided  with  minute  prehensile  teeth  ; the  food  is  taken  by  a snapping 
movement.  The  tongue  of  the  toad  has  been  already  referred  to 
(Vol.  I.  p.  246). 

Fishes. — By  these,  the  food  is  invariably  seized  by  the  jaws,  which 
are  usually  provided  with  numerous  sharp  recurved  teeth  ; though,  iu 
some  species,  the  mouth  is  suctorial,  and  the  teeth  are  few,  or  even 
wanting.  In  the  amphioxus,  the  oral  orifice  is  guarded  with  soft  cirrhi. 
whilst  the  mucous  membrane  of  the  mouth  is  provided  with  ciliated  pro- 
cesses; the  food  is  perhaps  conveyed  into  the  mouth  by  ciliary  action. 

Mollusca  and  Molluscoida. — The  so-called  feet  of  the  Cephalopods 
serve  to  convey  food  to  the  mouth  : but  the  tentacula  generally  present  in 
Molluscs,  are  sensory  rather  than  prehensile,  the  food  being  seized  by  the 
mouth,  as  in  the  terrestrial  and  iu  certain  aquatic  Gasteropods.  or  brought 
thither  by  currents  of  water  caused  by  movements  of  the  mantle,  or  by 
cilia,  as  in  the  LameUibranchiata.  In  the  molluscoid  Polyzoa.  the  ciliated 
tentacles  around  the  oral  aperture  produce  a vortex,  by  which  minute 
organisms  in  the  water  are  hurried  into  the  pharjmx.  In  the  Tunicata. 
the  cilia  lining  the  fore-part  of  the  alimentary  canal,  accomphsh  a 
similar  purpose. 

Annulosa  and  Anmdoida. — Most  Anuulosa  have  distinct  buccal  appen- 
dages, consisting  of  two  pairs  of  jaws  ; the  first  pair  are  the  mandible. 
or  pincers ; the  second  are  the  max'dles,  which  support  the  palpi.  Ey 
these  parts,  the  food  is  seized,  examined,  or  even  divided.  In  many 
Insects  and  Crustacea,  and  iu  Spiders,  one  or  more  pairs  of  the  limbs  are 
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also  employed  in  conveying  food  to  the  mouth ; sometimes,  as  in  the 
crabs  and  lobsters,  such  limbs  are  enormously  developed,  the  pincers  on 
one  side  of  the  body  being  smooth,  and  on  the  other,  knobbed.  In  cer- 
tain perfect  insects,  the  food  being  viscid  or  fluid,  the  mandibular 
appendages  are  specially  modified,  as,  e.g.,  in  the  butterflies  and  moths, 
in  -which  they  form  a long  tube  or  canal  named  the  froboscis,  -which  can 
be  unfolded  from  its  spiral  coils,  and  protruded  into  flowers ; a suck- 
ing proboscis  also  exists  in  certain  flies  and  gnats.  In  the  fleas  and  bugs, 
the  mandibles  are  penetrating  and  suctorial.  Amongst  the  Annelides, 
the  sand-worms  have  soft  feeble  tentacles  ; but  the  earth-worms  and 
leeches  have  the  mouth  either  simply  suctorial,  or  cutting  and  suctorial. 
In  some  worms,  a retractile  proboscis  exists,  developed  from  the  lining 
membrane  of  the  pharynx,  and  not  from  the  cephalic  segments  of  the 
exo-skeleton,  like  the  jaws  of  the  higher  Annidosa.  The  AnnuloidEntozoa 
either  have  a special  suctorial  apparatus,  or  live  by  general  imbibition. 
The  marine  worm-like  forms  are  suctorial,  whilst  the  Eotifera  have  a 
ciliated  disc,  which  creates  a vortex  in  the  water.  In  the  starfishes  and 
echini,  there  are  no  prehensile  tentacula  ; in  the  Crinoida,  the  arms  may 
act  preheiisively ; in  the  holothurida  or  sea-cucumbers,  large  labial 
appendages  or  tentacula  exist. 

Codenterata. — These  exclusively  aquatic  animals  have  contractile  non- 
ciliated  tentacles,  sometimes  few  and  simple,  or  divided,  as  in  the  hydra, 
sometimes  very  numerous,  as  in  the  sea-anemones,  and  often  of  great 
length  and  of  irregular  form,  as  in  the  medusae  and  others.  These  are 
always  prehensile ; but  food  may  also  be  drawn  into  the  body,  by  the 
alternate  expansion  and  contraction  of  its  muscular  walls.  In  the 
Physograda,  the  mouth  is  developed  into  depending  tubular  suctorial 
processes  or  cirrhi. 

Protozoa. — In  the  Infusoria,  the  cilia  draw  the  water  and  food  into 
the  buccal  orifice,  and  there  is  no  other  prehen.sile  apparatus.  In  the 
lowly -organised  Khizopods  and  Amoebas,  the  soft  body  is  merely  applied 
to  the  substance  serving  as  food.  In  the  Spongida,  currents  of  water  are 
drawn  through  numerous  in-current  or  iuhalent  orifices,  into  the  interior 
of  the  porous  mass,  whilst  ex-current  or  exhalent  orifices,  fewer  in 
number,  serve  for  their  expulsion.  This  process  not  only  assists  in  re- 
spiration, but  also  in  entangling  food  against  their  sarcodous  substance. 
Finally,  the  parasitic  Gregarinida  live  by  direct  imbibition. 


The  Teeth  and  Mastication  in  Animals. 

True  teeth,  or  calcified  organs,  belonging  to  the  exo-skeleton,  and 
composed  of  dentine,  or  of  this  -with  tnarntl  and  cement,  are  peculiar 
to  the  Vertebrata ; for  the  so-called  teeth  or  denticles  of  certain 
Mollusca,  Annulosa,  and  Annuloida,  have  no  such  structure. 

Teeth  are  entirely  absent  in  Birds  ; but  they  are  generally,  though 
not  universally,  present,  in  Fishes,  Amphibia,  Eeptiles,  and  Mam- 
malia. In  the  last-named  Class  alone,  are  the  characteristic  milk 
teeth  met  with,  that  first  temporary  and  deciduous  set,  which  falls  out 
and  is  succeeded  by  the  permanent  teeth.  With  the  exception  of  a 
few  fishes,  and  the  vegetable-feeding  iguanas  amongst  reptiles,  which 
have  grinding  teeth,  these  organs  in  Fishes,  Amphibia,  and  Eeptiles,  are 
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essentially  prehensile,  or  incisive,  being  used  for  seizing,  and  holding 
the  prey,  or  for  diriding  it  into  portions  small  enough  to  be  swallowed  ; 
but  it  is  in  the  Mammalia,  that  inastication  proper,  performed  by 
teeth  set  in  movable  jaws,  is  most  perfect,  the  food  being,  in  many 
of  them,  not  only  seized,  but  afterwards  gnawed  or  chewed. 

In  the  different  classes  of  the  Vertebrata,  the  teeth  differ  remarkably 
in  number,  shape,  position,  and  mode  of  insertion. 

Mammalia. — Amongst  these,  the  Monotremata  are  almost  edentulous, 
or  destitute  of  teeth,  for  the  echidna  has- no  such  organs,  but  merely 
horny  processes  on  the  tongue  and  palate,  whilst  the  ornithorhynchus 
has  horny  teeth.  In  the  Cetacea,  two  genera  have  calcified  teeth  before 
birth  only,  the  upper  jaw  afterwards  supporting  the  whale-bone  plates. 
In  the  manis,  or  pangolin,  and  in  the  true  ant-eaters,  or  myrmeco- 
phaga,  amongst  the  so-called  Edentata,  there  are  likewise  no  teeth.  All 
other  Mammalia  possess  them. 

The  number  of  the  teetli  in  the  Mammalia,  in  conjunction  with  other 
differences  in  shape  or  kind,  furnishes  an  important  means  of  zoological 
distinction.  It  ranges  from  2 in  the  narwhal,  to  as  many  as  190  in  the 
dolphins.  In  the  elephant,  there  are  at  most  10,  usually  oulj’  6,  viz.  one 
entire  molar,  or  sometimes  parts  of  two,  on  each  side  of  both  jaws,  toge- 
ther with  the  two  tusks  of  the  upper  jaw.  In  the  Eodents,  the  ordinary 
number  is  20,  but  there  are  sometimes  onlj"  12,  and  in  the  hare  and 
rabbit  28.  In  the  Ruminants,  in  the  apes  of  the  Old  World,  and  com- 
monly throughout  the  Mammalia,  as  in  Man,  there  are  32,  but  44  is  said 
to  be  the  typical  number.  (Owen.)  In  one  of  the  armadilloes,  as  an 
exception  to  the  rule  in  that  genus,  there  are  98  teeth.  Amongst  the 
Cetacea,  the  narwhal,  just  mentioned,  and  some  other  species,  have 
only  2 teeth  ; the  cachalot  has  more  than  60,  the  common  porpoise 
between  80  and  90,  and  the  true  dolphins  from  100  to  190. 

Theybrw  of  the  teeth  presents  greater  variety  in  the  Mammalia  than 
in  any  other  Class.  When  numerous,  they  are  usually  prehensile,  small, 
pointed,  and  of  nearly  equal  size  throughout  the  jaw ; sometimes  slightly 
rectmved,  and  sometimes  variously  flattened  or  compressed.  When 
the  teeth  are  in  moderate  number,  some  are  devoted  to  one  purpose 
and  some  to  another,  and  they  are  usually  modifled  into  incisor,  canine, 
premolar,  and  molar  teeth.  The  incisors,  as  in  Man,  are  flat,  chisel- 
shaped, and  cutting  or  gnawing ; the  canines  are  latter  and  conical,  to 
bite,  hold,  and  tear ; the  premolars  and  molars  are  variously  cusped  or 
tuberculated,  and  either  flattened  at  the  sides  for  cutting,  or  broad  at 
the  summit  for  grinding  the  food.  The  incisor  teeth  are  smallest  in  the 
insectivorous,  larger  in  the  carnivorous  and  frugivorous  species,  of  great 
strength  in  the  cropping Herblvora,  but  especially  strong  in  the  gnawing 
Eodentia.  The  canine  teeth,  prominent  in  the  carnivorous  dogs  and 
cats,  are  also  large  in  many  non-carnivorous  animals,  as  the  ape,  boar, 
musk-deer,  elephant,  and  others,  in  which  the}'  are  used  for  offence  or 
defence.  The  carnivorous  molars  are  generally  flat,  narrow,  ridged  and 
tuberculated,  the  anterior  ones  being  often  very  diminutive.  The 
herbivorous  molars  are  flat-crowned,  quadrang'olar,  or  lozenge-shaped, 
and  provided  with  tubercles,  as  in  the  Quadrumana,  or  marked  with 
crescenticor  transverse  ridges  and  furrows,  as  in  theEuminants,  Solipeds, 
Pachydermata,  and  Rodents.  In  animals  living  on  mixed  diet,  the 
crowns  of  the  molar  teeth  are  furnished  with  blunt  tubercles.  The  tusks 
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of  the  elephant  are  huge  canine  teeth ; those  of  the  walrus  are  also 
canine.  The  single  tusk  of  the  male  narwhal  or  Monodon,  several  feet 
in  length,  is  also  an  upper  canine  tooth  ; it  springs  on  one  side  of  the 
median  line,  from  the  superior  maxillary  hone ; hut  an  immature  tooth 
is  found  concealed  in  the  hone  of  the  oppositeside ; in  the  female  narwhal, 
hoth  tusks  remain  undeveloped,  one  in  each  upper  jaw-hone.  The  curved 
canine  tusks  of  the  Bahyroussa  are  also  remarkable  ; those  of  the  upper 
jaw  are  larger  and  longer  than  those  of  the  lower  jaw,  and  sometimes 
perforate  the  upper  lips. 

The  teeth  in  Slammalia  are  limited  to  the  jaws.  They  are  confined 
to  the  inferior  maxilla  in  the  cachalot,  to  the  premaxillary  hones  in  the 
upper  jaw  in  the  narwhal,  and  to  the  superior  and  inferior  maxillary 
hones,  being  wanting  in  the  premaxillary  hones,  in  most  Ruminants.  Blit 
usually,  teeth  are  found  in  all  three  of  these  hones.  However  varied 
in  number  and  in  form,  mammalian  teeth  are  always  arranged,  in 
each  jaw,  in  a single  row  or  dental  arch,  in  which,  where  ditferent  kinds 
of  teeth  exist,  one  or  more  gaps  occur,  named  diastemata.  When  a 
diastema  is  absent,  the  teeth  are  of  equal  length.  In  the  human  jaw, 
as  already  mentioned,  there  is  no  diastema,  hut  this  is  also  the  case  in 
certain  extinct  quadrupeds. 

The  mammalian  teeth  are  usually  fitted  closely  into  sockets  in  the 
jaws,  each  tooth  and  each  fang,  if  these  be  multiple,  having  its  own 
socket,  lined  by  a periosteum  which  fixes  it.  In  certain  Cetacea,  the 
sockets  are  wide  and  shallow,  and  the  teeth  are  attached  to  the  gum, 
rather  than  fixed  in  the  jaw.  Each  tooth  generally  has  a constricted 
part  or  neck,  between  the  crown  and  fang,  to  which  the  gum  is  fixed ; hut 
no  neck  is  seen  in  the  numerous  small  teeth  of  the  dolphin,  in  the  tusks 
of  the  narwhal,  elephant,  and  walrus,  or  in  the  incisors  of  the  Eodentia. 

The  teeth  of  most  Mammalia,  like  those  of  Man,  consist  chiefly  of 
dentine,  the  crown  being  protected  by  enamel,  and  the  fang  being 
covered  by  the  cement,  which  sometimes  passes  over  the  crown  also. 
The  microscopic  structure  of  these  tissues,  however,  presents  certain 
minute  peculiarities.  The  tusks  of  the  narwhal,  walrus,  and  elephant, 
are  destitute  of  enamel,  and  consist  almost  wholly  of  the  modification  of 
dentine  known  as  ivory,  the  surface  being  at  first  covered  by  a thin 
layer  of  cement,  which  becomes  worn  by  use.  No  enamel  exists  on  the 
molars  of  the  dugong  and  cachalot,  nor  on  the  teeth  of  the  Edentata. 
In  the  Quadrumana,  and  in  the  Carnivora  generally,  as  in  Man,  the 
cement  is  so  thin  over  the  enamel  of  the  crown,  as  to  be  almost  inap- 
preciable ; but  it  is  thick  in  Herbivora,  and  especially  so  on  the  molars 
of  the  elephant,  sloth,  dugong,  walrus,  and  cachalot.  In  the  Ruminants, 
in  most  Rodentia,  and  in  the  Pachydermata,  the  enamel  and  the  cement 
are  arranged,  within  the  crowns  of  the  molar  teeth,  in  double  vertical 
plates  or  folds,  between  corresponding  processes  of  the  dentine,  the 
variations  in  which,  form  a means  of  classification  in  the  Rodentia  and 
Pachydermata. 

when  one  of  these  compound  teeth,  such  as  a molar  of  the  ox,  deer, 
sheep,  horse,  or  the  still  more  complex  grinder  of  the  elephant,  first  cuts 
through  the  gum,  the  crown  is  covered  with  a thick  layer  of  cement, 
which  dips  in  between  folds  of  enamel,  which,  in  their  turn,  conceal 
variously-disposed  plates  of  dentine.  In  the  course  of  time,  the  cement  on 
the  grinding  surface  is  worn  down,  and  the  folds  of  the  subjacent  enamel 
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become  visible.  With  further  attrition,  the  cement  between  the  folds 
of  enamel  wears  away  faster  than  the  enamel  itself,  and  hence  the  broad 
surface  presents  ridges  corresponding  with  the  harder  enamel,  and 
furrows  corresponding  with  the.  softer  cement,  an  arrangement  well 
adapted,  like  the  roughened  surface  of  a mill-stone,  for  the  grinding  of 
hard  grain,  \toody  fibre,  or  roots.  As  the  process  of  wear  extends,  the 
summits  or  bent  parts  of  the  folds  of  enamel  are  also  worn  through, 
and  the  concealed  plate  of  dentine  is  exposed ; in  this  case,  the  most 
complex  markings  appear  on  the  grinding  surface,  produced  by  the 
alternating  and  often  tortuous  bauds  of  dentine,  enamel,  and  cement. 

When  the  mammalian  teeth,  whether  simple  or  complex,  are  worn 
down  to  the  fang,  they  generally,  as  in  Alan,  loosen  and  fall  out ; for 
their  growth  is  completed  at  a certain  period,  after  which  their  pulps 
shrink,  they  become  subject  to  wear  or  decay,  and  undergo  little  or  no 
repair.  A remarkable  provision  exists,  however,  for  the  preservation 
of  the  cutting  edge  of  the  chisel-like  incisor  teeth,  characteristic  of,  and 
necessary  to,  the  gnawing  Eodentia.  These  teeth  show  a persistent 
growth ; the  fang  is  deeply  implanted  in  the  jaw,  and  remains  hollow 
and  open  at  the  base,  into  which  the  persistent  pulp  extends.  The  so- 
called  enamel  organ,  on  the  anterior  wall  of  the  socket,  is  also  persis- 
tent. Fresh  dentine  is  constantly  being  formed  within,  upon  the  pulp, 
and  fresh  enamel  upon  the  anterior  surface,  bj’  the  enamel  organ  ; 
whilst  the  unequal  wear  of  the  hard  coating  of  enamel  in  front,  and  of 
the  dentine  behind,  preserves,  during  the  whole  of  life,  the  chisel-like 
edge.  From  the  persistent  growth  of  these  peculiar  teeth,  it  happens, 
that  if  one  of  them  be  drawn  or  accidentally  lost,  the  opposing  tooth  being 
no  longer  worn  down  by  use,  continues  to  elong.ite,  and,  following  its 
natural  curve,  attains  an  abnormal  size  and  shape,  and  its  point  turns 
round,  and  even  penetrates  the  opposite  lip.  The  teeth  of  the  arma- 
dilloes  and  sloths  also  grow  continuously,  on  persistent  pulps. 

In  many  Alammalia,  sex  exercises  a remarkable  influence  on  the  de- 
velopment of  certain  teeth.  Tims,  in  the  Quadrumana,  especially  in 
the  anthropoid  apes,  the  upper  canine  teeth,  in  the  male,  are  more  than 
twice  the  size  of  the  same  teeth  in  the  female ; the  tusks  of  the  boar 
and  of  the  male  elephant,  and  musk-deer,  are  larger  than  those  of  the 
female  animals.  In  the  dugong,  which,  an  exception  in  Cetacea,  has 
both  temporary  and  permanent  incisor  teeth  in  the  two  jaws,  the  upper 
permanent  incisors  project  beyond  the  gum,  in  the  male  ; but  in  the 
female,  the  permanent  incisors  in  both  jaws  remain  concealed  throughout 
life,  their  growth  being  arrested  before  they  cut  the  gum.  The  asrai- 
metrical  tusk,  the  rudimentary  and,  concealed  condition  of  the  opposite 
tooth  of  the  male  narwhal,  and  the  hidden  rudiments  of  both  teeth  in 
the  female,  abeady  mentioned,  also  show  the  influence  of  sex. 

This  rudimentary  condition  of  certain  teeth  is,  however,  sometimes 
independent  of  sex,  but  characterises  groups  of  animals.  Thus  in  the 
ox  tribe,  although  the  temporary  incisors  appear  above  the  gum  in  both 
jaws,  the  permanent  incisors  are  not  developed  in  the  upper  jaw,  but 
remain  in  a rudimentary  condition  \\-ithin  the  bone. 

The  four  canine  teeth  also  exist,  in  a rudimentary  state,  in  all  young 
Ruminants,  though  they  never  rise  above  the  gum.  In  both  jaws  of  the 
young  whale-bone  whale,  rudiments  of  teeth  exist,  which  are  never 
further  developed. 
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Birds. — In  Birds,  the  horny  coating  of  the  edentnlous  jaws,  is  deve- 
loped, in  successive  laminae,  from  the  tegiunentary  membrane  covering 
those  bones.  In  the  parrots,  this  horny  coat  is  thick,  and  is  formed 
and  supported  upon  papillae.  The  absence  of  teeth  in  birds,  is  associated 
with  the  existence  of  a muscular  stomach,  or  gizzard. 

Beptiles. — Of  these  animals,  the  Saurians  exhibit  the  most  perfect 
dentition,  then  the  Ophidians,  whilst  the  Chelonia  are  edentulous,  their 
jaws  being  covered  with  a thick  and  dense  horn,  variously  modelled, 
so  as  to  act  in  bruising  or  dividing  the  food,  the  jaws  of  the  vegetable 
feeders  being  thick,  and  those  of  the  carnivorous  species  sharp  on  their 
edges. 

In  the  Eeptiles  which  possess  teeth,  the  number  varies,  but  in  exist- 
ing species,  it  is  never  very  small,  being  30  in  certain  monitor  lizards, 
and  29,  the  lowest  known  number,  in  the  Ophidian  amphis- 
baena.  The  number  is  not  so  determinate,  nor  are  indi^ndual  teeth  so 
specially  characterised,  as  in  the  Mammalia.  In  the  crocodiles,  and  in 
many  lizards,  the  teeth  are  limited  to  the  jaw-bones ; but  they  exist  also 
on  the  pterygoid  bones  in  the  roof  of  the  mouth,  in  the  iguana,  and  on 
the  palatine  and  ptex’ygoid  bones,  in  most  Ophidia.  In  many  of  the  latter, 
teeth  are  absent  from  the  inter-maxillary  bones.  The  jaw-teeth  form 
single  arches,  excepting  only  in  the  caecilia  or  blind-worm,  in  which 
the  lower  front  teeth  are  arranged  in  a double  row. 

The  typical  form  of  the  reptilian  tooth  is  conical,  but  in  a few 
species  this  is  departed  from.  These  conical  teeth  vary  greatly  in  size 
from  the  minute  teeth  of  the  blind-worm,  to  the  powerful  canine-like 
teeth  of  the  crocodile.  They  are  sometimes  cylindrical,  but  more  fre- 
quently compressed,  or  much  flattened  and  blade-like,  having  sharply 
trenchant,  or  even  serrated,  margins.  The  surface  is  either  smooth  and 
polished,  or  longitudinally  striated.  In  the  iguanas,  the  crowns  of  the 
teeth  are  widely  expanded,  and  their  sides  and  margins  curiously- 
notched.  The  teeth  are  relatively  longest  in  Serpents,  and  in  the  case 
of  the  poison-teeth  or  fangs,  present  a remarkable  structure.  These 
■poison-fangs  are  strongly  recurved,  and  contain  a canal,  opening  at  both 
ends  on  the  anterior  or  convex  aspect  of  the  tooth,  above,  close  to  the  gum, 
and  below,  a short  distance  from  the  point  of  the  tooth.  The  secretion 
of  the  poison-gland,  found  at  the  side  of  the  head,  is  conveymd  by  a duct, 
to  the  opening  of  the  poison-canal  near  the  base  of  the  tooth.  Into  this, 
the  poison  is  forced  by  muscles  which  tighten  the  gland  capsule  and 
compress  the  gland  ; and  thence  it  is  conveyed,  through  the  opening  in 
front  of  the  point  of  the  tooth,  into  any  wound.  The  poison-fangs  are 
anohylosed,  or  fixed  by  osseous  union,  to  the  superior  maxillary  bones  ; 
but  since,  in  the  poisonous  serpents,  these  bones  are  movable,  the  poison- 
teeth  can  either,  as  when  at  rest,  lie  flat  upon  the  gum,  or  they  can  be 
brought  into  a vertical  position,  in  the  act  of  striking. 

The  teeth  of  Eeptiles  have  a short  undivided  root,  which  is,  for  the 
most  part,  anchylosed  to  the  bone  on  which  it  rests.  In  the  crocodiles, 
however,  the  teeth  are  separate,  and  are  lodged  in  deep  sockets  ; in  the 
black  alligator,  the  front  teeth  are  embedded  in  sockets,  whilst  the 
hinder  ones  are  fitted  into  a continuous  groove.  In  the  serpents  and 
geckos,  the  anchylosed  teeth  are  fixed  to  the  sides  of  shallow  sockets, 
but  in  the  chameleons  and  most  lizards,  to  the  inner  surface  of  a single 
alveolar  plate. 
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Eeptilian  teetli  always  contain  dentine  and  cement,  sometimes  also 
enamel  and  true  bone.  In  most  Saurians,  the  enamel  exists  as  a thin 
coating  over  the  crowns.  The  presence  in  certain  teeth,  of  bone,  besides 
the  cement  covering  the  dentine,  depends  on  the  conversion  of  the 
base  of  the  pulp  into  bone,  as  the  tooth  becomes  anchylosed  to  the  jaw. 
The  microscopic  structure  of  the  dentine,  differs  slightly  from  that  of 
the  dentine  in  Mammalia,  its  substance  being  traversed  by  canals  com- 
municating with  the  pulp  cavity.  In  the  iguana,  the  dentine  is  singularly 
inflected  on  its  siu’face.  In  the  poison-fang  of  the  serpent,  the  dentine  is 
folded  on  itself,  in  front  of  the  pulp-cavity,  so  as  to  form  the  poison-groove 
or  canal ; a longitudinal  section  of  the  tooth,  shows  the  tapering  pulp- 
camty  behind  the  poison-canal ; whilst  a transverse  section  shows  this 
canal  surrounded  by  the  dentine,  coalescing  in  front  of  it,  the  pulp- 
cavity  forming  a crescentic  fissure  behind  it. 

As  the  teeth  of  Eeptiles  wear  out  and  fall  away,  an  almost  unlimited 
succession  of  new  ones  replaces  them  throughout  life,  a process  entirelj- 
different  from  the  simple  succession  of  temporary  and  permanent  teeth 
in  the  Mammalia.  The  new  tooth  usually  appears  at  the  inner  side  of 
the  base  of  the  old  one  ; but  the  poison-fangs  of  the  serpents  are  replaced 
by  new  teeth,  formed  behind  the  old  ones. 

AVhen,  as  is  usual,  the  teeth  are  anchylosed  to  the  jaw,  the  new  tooth 
simply  grows  up  on  a papilla,  and  replaces  the  falling  one ; but  in  the 
alligators  and  crocodiles,  in  which  the  teeth  are  lodged  in  sockets,  the 
new  tooth,  also  formed  on  a papilla,  gains  access,  bya  process  of  absorp- 
tion, to  the  interior  of  the  old  one,  penetrates  its  pulp,  grows  up  within 
it,  raises  it,  and  finally  throws  it  off  from  its  own  summit.  By  this  time, 
as  seen  in  the  gavial,  another  rudimentary  tooth  is  formed,  and  proceeds 
to  grow,  in  like  manner,  into  its  predecessor.  The  process  of  absorption 
resembles  that  of  the  fangs  of  the  milk  teeth,  in  Mammalia  ; and  like 
that,  it  has  been  incorrectly  attributed  to  mechanical  pressure ; for  the 
growing  tooth  is  softer  than  the  old  one,  which  is  being  absorbed. 

Amphibia. — Fine  prehensile  teeth  are  found  on  the  upper  jaw  and 
palate  bones  of  the  frogs  and  salamanders,  more  seldom  on  the  lower 
jaw  also.  In  the  toads,  only  palatal  teeth  are  present.  Teeth  are  ab- 
sent in  the  proteus  and  siren. 

Fishes. — The  teeth  of  Fishes  present  extraordinary  varieties,  greater 
than  those  of  any  other  Class.  Their  number  is  almost  countless  in  the 
silurus,  its  allies,  and  in  the  pike  ; but  they  become  fewer  or  wholly 
absent,  in  the  lower  orders  of  fishes.  The  chimserse  have  two  teeth  in 
the  lower,  and  four  in  the  upper  jaw  ; the  lepidosiren  has  only  a single 
dental  plate  in  each  jaw,  and  two  small  teeth  on  the  nasal  bones  ; the 
tench  has  one  tooth  on  the  occiput,  besides  some  on  the  pharyngeal 
bones  ; whilst  the  myxine  and  myxinoid  fishes  have  a single  tooth  on 
the  palate,  meeting  two  dental  plates  upon  the  tongue.  Lastly,  in  the 
syngnathus  or  pipe-fish,  in  the  hippocampus,  in  the  Lophobranchiate 
fishes,  in  the  sturgeon,  ammocete,  and  ampliioxus.  no  teeth  exist. 

The  shape  of  the  teeth  in  fishes,  diflFers  much.  They  .are  usually  simple 
and  conical ; they  are  minute,  numerous,  and  vilUform  in  the  perch  ; 
longer,  ciliiform  or  setiform,  often  bifid  or  trifid ; and  rasp-like  or 
raduliform,  on  the  back  of  the  vomer  in  the  pike.  They  are  commonly 
cylindrical,  but  sometimes  flattened  into  a lancet-like  blade,  either 
straight,  curved,  bent  sideways,  or  even  barbed.  The  base  may  be  broad. 
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as  in  the  larger  teeth  of  the  pike,  the  lophius,  and  certain  sharks  ; the 
edge  is  sometimes  finely  serrated,  as  in  the  sharks  generally,  or  is 
notched,  so  as  to  divide  the  tooth  into  from  two  to  five  lobes.  In  other 
less  known  fishes,  they  are  short  and  blunt,  cubical,  or  prismatic,  with  from 
four  to  six  sides,  and  closely  arranged  in  a sort  of  mosaic  work,  showing 
their  convex  or  flattened  summits  over  broad  surfaces.  These  surfaces 
are  well  calculated  for  grinding  seaweeds,  and  crushing  shell-fish  or 
corallines,  as  seen  in  the  teeth  of  the  scarus  or  wolf-fish,  and  the  cunei- 
form dental  plates  of  the  parrot-fish,  which  truly  masticate  their  food. 

The  teeth  of  Fishes,  as  already  indicated,  are  by  no  means  limited  to 
the  premaxillary  and  premandibular  bones  of  the  upper  and  lower 
jaws.  In  the  sharks  and  rays,  they  are  thus  confined  to  the  fore-part 
of  the  mouth  ; but  in  the  carp,  all  the  teeth  are  at  the  back  of  the  mouth, 
supported  on  the  pharyngeal  and  basi-occipital  bones.  The  parrot-fish 
has  teeth,  both  at  the  front  and  back  of  the  mouth,  i.e.  on  the  premaxil- 
lary and  premandibular  bones,  and  on  the  upper  and  lower  pharyngeals. 
In  most  fishes,  there  are  teeth,  not  only  on  the  above-named  bones,  but 
also  on  other  bones  around  the  middle  part  of  the  mouth,  as  on  the 
palate  bones,  vomer,  hyoid  bones,  and  branchial  arches,  sometimes  on 
the  pterygoid,  sphenoid  and  nasal  bones,  and,  though  rarely,  on  the  true 
superior  maxillae.  Teeth  are  found  in  the  median  line,  on  the  palate  of 
the  myxines,  and  even,  in  a few  cases,  on  the  symphysis  of  the  jaw,  a 
position  not  observed  in  any  other  Vertebrata.  In  the  lampreys,  most 
of  the  teeth  are  placed  on  the  lips. 

The  teeth  of  Fishes  are  usually  anchylosed  to  the  bone  on  which  they 
rest,  the  dental  and  osseous  tissues  being  blended ; occasionally  it  is 
the  side  of  the  tooth,  and  not  the  base,  which  is  thus  fixed.  In  certain 
Cartilaginous  fishes,  some  of  the  teeth  are  divided  at  their  base,  and  are 
so  attached  by  ligaments,  as  to  allow  the  teeth  to  be  bent  backward  in 
the  mouth,  by  casual  pressure  ; but  when  this  is  removed,  the  teeth 
spring  up  again.  Even  the  anchylosed  teeth  are  first  attached  by  liga- 
ment only.  A few  examples  are  met  with  of  the  teeth  being  embedded 
in  sockets  ; but  then  also  anchylosis  exists.  The  short  strong  teeth, 
which  almost  pave  the  mouth  of  the  wolf-fish,  are  anchylosed  to  special 
eminences. 

The  teeth  of  Fishes  are  almost  invariably  composed  of  some  kind  of 
dentine  only,  the  enamel  and  cement  being  absent.  In  certain  cases, 
as  in  the  carp,  the  tooth  substance  is  brown  and  semi-transparent;  in 
the  Cyclostomata,  it  has  been  differently  described  as  dense,  albuminoid, 
or  horny  ; the  labial  teeth  of  certain  goniodonts  and  chaetodonts  are 
flexible  and  elastic.  The  true  dentine  of  fishes’  teeth,  is  very  compact, 
especially  on  the  surface  of  the  tooth,  where  it  occupies  the  place  of 
enamel ; this  superficial  layer  has  been  called  vitro  ■dentine.  Another 
modification  of  dentine,  commonly  found  in  fishes’  teeth,  is  named  osteo- 
dentine,  because  it  contains  vascular  canals,  resembling  the  Haversian 
canals  of  bone,  between  which  are  dentinal  tubuli,  no  longer  minute  and 
parallel,  but  large,  divided,  and  ramified.  The  so-called  vaso-dcntine 
is  also  found  in  the  teeth  of  fishes,  and,  though  more  rarely,  the  jtlici- 
dentine,  labi/rintho-d(ntine,  and  dendro-dcntme,  so  called  from  the  folded, 
wavy,  or  dendritic  appearances  seen  in  them  on  sections.  Although 
teeth  consisting  of  dentine  alone,  are  only  found  in  fishes,  yet  the  most 
complex  known  teeth  are  met  with  in  this  Class.  Thus,  in  the  wolf- 
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fishes,  and  diodons,  the  teeth  contain  dentine,  osteo-dentine,  enamel,  and 
cement ; and  in  the  parrot-fishes,  each  pharyngeal  tooth  is  composed  of 
non-vascular  dentine,  covered  by  an  enamel,  auchylosed  to  the  bone  by 
vaso-  or  osteo-dentine,  and  fixed  to  the  neighbouring  teeth,  in  the  same 
row,  by  intermediate  cement. 

The  teeth  of  Fishes,  besides  being  liable  to  be  accidentally  torn  off  at 
their  bases,  are  shed  not  merely  once,  as  in  Mammalia,  but  many 
times  during  life.  In  the  pike  and  other  common  fishes,  and  in  the  Car- 
tilaginous fishes,  as  the  sharks,  the  formidable  teeth  are  renewed  and 
continually  advance  into  place  from  behind,  as  the  old  ones  break,  or  fall 
out.  A few  quite  exceptional  examples  of  strictly  permanent  teeth  are 
met  with,  as  in  the  lepidosiren  and  chimera.* 


The  Jaws  and  their  Muscles. 

The  oral  aperture  of  the  Vertebrata,  is  a transverse  opening,  provided 
with  jaws,  one  or  both  of  which  move  vertically.  In  the  Cyclostome 
fishes,  the  mouth,  however,  is  circular-,  and,  in  the  amphioxus,  oval 
and  longitudinal. 

The  form  and  strength  of  the  jaws,  the  mode  of  articulation  and  mo- 
tions of  the  lower  jaw,  or  of  both  jaws,  and  the  corresponding  muscular 
apparatus,  vary  with  the  habits  and  food  of  the  different  Vertebrata. 

In  all  the  Mammalia,  as  in  Man,  the  upper  jaw  is  fixed  to  the  bones 
above  and  behind  it,  and  has  no  independent  motion ; whilst  the  lower 
jaw  is  movably  articulated  to  the  under  side  of  the  temporal  bones,  and 
is  raised,  moved  horizontally,  or  depressed,  by  muscles  exactly  similar 
to  those  found  in  the  human  body. 

In  the  large  Carnivorous  mammalia,  however,  the  glenoid  foss®  are 
not  shallow,  as  in  Man,  but  deep,  narrow,  and  form  long  channels 
running  from  side  to  side,  and  inclining  backwards  and  inwards  towards 
each  other.  As  the  condyles  of  the  lower  jaw  are  equally  narrow  and 
elongated  transversely,  the  motions  of  the  jaw  are  limited  to  an  up  and 
down  motion,  in  which  not  only  is  a general,  firm  hold  secured,  but  the 
notched  edges  of  the  laterally  compressed  molars  pass  close  by  each 
other,  like  those  of  the  blades  of  scissors.  In  Insectivorous  mammaba 
the  motions  of  the  jaws  are  almost  equally  limited.  In  the  Eodentia, 
besides  shutting  powerfully  in  gnawing,  the  jaw  executes  rapid  backward 
and  forward  movements,  across  the  ridges  of  their  molar  teeth,  so  as 
easily  to  grind  tough  vegetable  substances.  In  the  Herbivora,  the  lower 
jaw  is  not  limited  to  an  up  and  do'.vn  movement  only,  as  in  the  Car- 
nivora, nor  to  that,  and  a superadded  backward  and  forward  movement, 
as  in  the  Eodentia,  but  it  is  also  capable  of  great  lateral  play.  To  per- 
mit this,  the  glenoid  foss®  are  wide  and  shallow,  the  condyles  of  the 
lower  jaw  are  short,  obtuse,  and  scarcely  prominent,  and  the  pterygoid 
muscles,  which  chiefly  execute  the  lateral  motions,  are  very  large.  The 
low'erjawis  carried,  during  mastication,  in  a sort  of  circular  sweep, 
beneath  the  upper  jaw,  first  forward,  and  to  one  side,  and  then  back- 


* See  the  article  ‘Teeth,’  by  Professor  Owen,  Cyclop.  Anat.  and 
Phys.,  from  which  the  preceding  account  of  the  teeth  in  the  Vertebrata 
is  chiefly  derived. 
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ward  and  to  the  other,  and  so  on,  as  may  be  readily  noticed  in  the  cow, 
when  chewing  the  cud ; the  broad  molar  teeth,  with  their  unequal 
ridges  and  furrows  of  enamel  and  cement,  are  thus  most  effectually  em- 
ployed. In  the  edentulous  ant-eater  and  ornithorhynchus,  the  condyles 
of  the  jaws,  and  the  glenoid  fossae,  are  only  slightly  developed,  and  the 
movements  are  comparatively  simple  and  feeble. 

In  Birds,  the  actions  of  the  jaws  are  prehensile  and  not  masticatory, 
excepting  perhaps  in  the  parrots,  in  which  there  is  a lateral  motion. 
I'or  the  most  part,  the  motion  is  hinge-like,  and  not  very  powerful, 
excepting  in  the  strong-billed  birds,  such  as  the  finches,  rooks,  toucans, 
and  Eaptores,  which  latter  hold  and  tear  their  food  by  movements  of 
the  head  and  neck. 

In  Beptiles,  whether  they  live  on  animal  or  vegetable  food,  the  jaws 
are  also  prehensile,  or  incisive,  rather  than  masticatory,  except  in  the 
herbivorous  iguanas,  the  molar  teeth  of  which  are  large  and  tuber- 
culated.  In  Amphibia,  the  jaws  are  weak,  and  snapping  or  suctorial. 

In  Fishes,  the  movements  of  the  jaws  are,  likewise,  for  the  most  part, 
simply  of  a snapping  and  prehensile  or  incisive  character ; but  the 
pharyngeal  and  other  dentigerous  bones  within  the  mouth,  are  also 
movable,  and  these  bones,  as  well  as  the  jaws,  especially  in  the  parrot- 
and  wolf-fishes,  are  provided  with  strong  masticating  muscles,  which 
make  them  act  powerfully  against  each  other. 

Denticles  of  the  Non-  Vertebrate  Animals. 

As  already  stated,  true  teeth  are  found  only  in  the  Vertebrata,  but 
denticular  organs  are  met  with  in  some  of  the  other  Sub-kingdoms. 
Amongst  the  Mollusca,  the  Cephalopods  are  provided  with  horny  jaws, 
which  open  and  shut  vertically.  Some  Gasteropods,  also,  have  similar, 
but  smaller,  jaws  moving  laterally ; but  nearly  all  of  them  are  pro- 
vided with  a peculiar  strap-shaped  band,  beset  with  rows  of  minute  horny 
denticles  situated  in  the  mouth,  and  often  spoken  of  as  the  tongue. 
This  organ,  named  by  Huxley  the  odontopkore,  is  placed  not  on  the  floor, 
but  on  the  roof,  of  the  mouth.  It  is  moved  backwards  and  forwards 
by  appropriate  muscles,  and  tlms  files  or  rasps  very  hard  substances  ; 
as  its  anterior  part  is  worn  away,  the  odontophore,  with  its  horny  den- 
ticles, is  renewed  within  a special  sac,  seen  at  its  hinder  end. 

Amongst  the  Annidosa,  the  Arthropoda  have  mandibles,  always 
found  at  the  sides  of  the  mouth,  and  provided  with  strong  muscles, 
which  give  them  a horizontal,  not  a vertical  motion  ; they  are  composed 
of  calcareous  or  chitinous  substance,  and  difi'er  remarkably  in  shape,  in 
different  species,  being  usually  curved  and  pointed,  and  having  serrated 
or  dentated  edges ; they  are  strong  in  the  actively  feeding  larvae,  and  also 
in  most  perfect  Insects,  as  in  wasps  and  beetles.  In  the  Crustacea,  the 
mandibles  are  very  strong,  and  in  certain  species,  as  in  the  lobster, 
hard  gastric  tubercles,  worked  by  powerful  muscles,  exist  at  the  entrance 
of  the  stomach.  Even  amongst  the  soft  Annelids,  a denticular  apparatus 
exists,  as  seen  in  the  leech,  which,  by  means  of  three  minute  denticles, 
inflicts  a tri-radiate  wound. 

Amongst  the  Anmdoida,  many  of  the  minute  Rotifera  possess  complex 
denticulated  plates,  which  are  worked  transversely  across  the  oral  orifice. 
In  the  hard-sheUed  Echinodermata,  a singular  masticatory  apparatus 
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is  found  which,  in  its  perfect  form,  consists  of  five  large  flattened,  calci- 
fied denticles,  having  their  free  edges  surrounding  the  oral  aperture ; 
the  outer  borders  of  these  denticles,  very  peculiar  in  form,  are  received 
into  a frame-work,  the  whole  structure,  in  its  entire  state,  forming  the 
lantern  of  Aristotle  ; powerful  muscles  act  upon  these  denticles,  which 
comminute,  or  triturate,  the  food. 

No  denticles  exist  in  the  Coelenterata  ; minute  denticular  organs  are 
seen  in  some  of  the  stomatode  Infusoria,  but  they  are,  of  course,  absent 
in  the  astomatous  Protozoa. 


The  Salivary  Glands,  and  Insalivation,  in  Animals. 

Salivary  glands,  or  glands  opening  into  the  mouth,  exist  in  most 
animals.  In  the  Mammalia,  they  are  nearly  always  present,  but  differ 
much  in  number  and  size.  In  the  higher  Mammalia,  they  resemble  the 
glands  in  Man,  except  that  the  submaxillary  is  unusually  large,  and,  in 
the  seals  and  cats,  the  sublingual  gland  appears  to  be  wanting.  In 
Herbivorous,  the  salivary  glands  are  larger  than  in  Carnivorous  Mam- 
malia, in  harmony  with  the  more  bulky,  often  drier,  and  amylaceous 
character  of  the  food.  In  the  Ruminants,  all  the  glands,  but  especiallv 
the  parotids,  are  very  large,  and  even  supernumerary  glands  are  found,  as 
in  the  ox.  In  the  ant-eater,  the  salivary  apparatus  is  enormously  de- 
veloped ; the  glands  cover  the  fore-part  of  the  neck,  and,  even  reach 
to  the  chest ; a special  reservoir,  or  salivary  bladder,  exists  beneath  the 
mouth,  in  which  the  saliva  is  probably  detained ; when  rendered 
viscid,  by  absorption  of  its  fluid,  it  lubricates  the  tongue,  and  assists  in 
catching  ants.  In  the.  Cetacea  generally,  the  salivary,  like  the  lachn-mal, 
glands  are  wanting,  the  fluid  medium  in  which  they  live,  and  the  animal 
nature  of  their  diet,  rendering  saliva  unnecessary  ; in  the  herbivorous 
dugong,  however,  the  parotid  glands  exist,  but  not  the  sublingual. 

In  Birds,  the  salivary  glands  are  small  in  the  wading  and  web-footed 
species,  which  live  upon  soft  animal  food ; whilst  they  are  proportionally 
larger  in  the  rapacious  and  granivorous  species.  The  saliva  of  birds 
is  chiefly  used  to  lubricate  their  food.  In  the  woodpeckers,  these  glands 
are  large,  and  the  viscid  saliva  assists  the  tongue  in  entangling  insects. 
In  the  Chinese  swallow,  which  builds  the  edible  nests,  the  parotid  gland 
is  largely  developed,  and  its  secretion  is  used  in  making  the  nests. 

Amongst  Beptiles,  large  salivar}-  or  buccal  glands,  found  in  the  Ophidia 
generally,  but  not  in  all  species,  beneath  the  gum,  along  the  margins  of 
both  jaws,  serve  to  lubricate  their  prey  before  it  is  swallowed.  The 
poison-glands  of  the  venomous  species,  may  perhaps  be  regarded  as 
extraordinarily  modified  salivary  or  buccal  glands.  In  the  Chelonian 
and  Saurian  reptiles,  the  salivary  apparatus  consists  chiefly  of  lingual 
glands.  In  the  chameleon  these  are  found  in  the  enlarged  extremity 
of  its  singularly  formed  insect-catching  tongue,  and  secrete  the  slimy 
mucus  with  which  it  is  covered. 

In  the  Amphibia,  similar  glands  are  found,  which,  in  the  toad,  serve 
a like  office. 

In  Fishes,  no  salivary  glands  exist. 

In  the  JMolliisca.  glands  opening  into  the  mouth,  or  into  the  commence- 
ment of  the  gullet,  and  therefore  presumably  salivary,  exist  in  nearly  all 
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Cephalopods,  Pteropods,  and  Gasteropods,  varying  in  form  and  size, 
according  to  the  construction  of  the  mouth,  and  the  nature  of  the 
food. 

Amongst  the  Anmdosa,  glands,  always  regarded  as  salivary,  exist  in 
well-marked,  but  most  variable  forms,  sometimes  opening  into  the  mouth, 
at  the  base  of  the  mandibles,  or  beneath  the  proboscis,  and  sometimes 
further  down,  near  the  stomach.  These  glands  are,  of  course,  minute, 
and  simple  in  structure,  forming,  either  short  follicles,  vesicles,  blunt- 
ended  tubes,  long  twisted  tubes,  as  in  all  butterflies,  and  most  beetles, 
or  even  branched  tubes,  as  in  Blaps.  In  the  Myriapods,  similar  glands 
exist.  In  the  Cirrhopods,  they  are  of  considerable  size,  and  form  the 
cement  gland. 

In  the  Annuloid  Echinodermata  elongated  csecal  tubes  surround  the 
oesophagus,  and  secrete  a viscid  fluid,  which  mixes  with  the  food.  Salivary 
tubuli  have  even  been  described  in  the  Entozoa  and  Eotifera.  No  such 
glandular  structures  exist  in  the  Ccelenterata,  or  Infusorial  Protozoa. 

The  Pharynx  and  Gullet,  and  Deglutition  in  Animals. 

The  parts  concerned  in  deglutition  and  the  act  itself,  are  similar  in 
all  the  air-breathing  Vertebrata,  but  both  become  gradually  simplifled. 
The  uvula  is  absent,  excepting  in  the  higher  Quadrumana.  The  soft 
palate  is  very  large  in  the  elephant  and  the  Cetacea.  Tonsils  are 
always  present.  In  all  cases,  from  the  highest  Mammalia  down  to  the 
Amphibia,  the  pharynx  communicates  with  the  cavities  of  the  mouth, 
larynx,  and  oesophagus,  and  also,  on  each  side,  with  the  tjunpanum.  In 
Mammalia,  the  structure  of  its  walls  resembles  that  in  Man,  and  in  the 
second  stage  of  deglutition,  it  rapidly  and  safely  transmits  the  food  and 
drink  into  the  oesophagus,  over  the  laryngeal  opening,  whilst  the  third 
or  oesophageal  stage  of  deglutition  is  also,  as  in  Man.  performed  more 
slowly  by  waves  of  peristaltic  contraction,  even  against  gravity,  as  is 
seen  in  the  horse,  when  drinking.  In  Birds  and  Reptiles,  the  pharjmx 
is  of  simpler  construction  and  action,  being  in  the  Serpents  enormously 
dilatable.  In  the  Amphibia,  it  approaches  the  less  defined  character 
which  it  presents  in  Fishes. 

In  Fishes,  which  respire  in  the  water,  by  gills,  the  pharynx  has  no 
communication  with  the  nasal  fossse,  and,  moreover,  the  larynx  and  air- 
breathing  apparatus  are  absent,  except,  in  some  cases,  the  air-bladder  ; 
hence  the  pharynx  forms  a mere  infundibular  passage,  leading  from 
the  mouth  into  the  shut  oesophagus ; but  its  sides  are  supported  by 
the  cartilaginous  or  bony  framew'ork  of  the  branchial  arches,  between 
which  are  the  branchial  openings ; besides  this,  there  are  special 
pharyngeal  bones,  w'hich,  as  already  mentioned,  often  bear  prehensile 
or  even  masticatory  teeth. 

In  the  Molluscous,  Annulose,  and  still  lower  Classes,  a special  pharynx 
is  seldom  distinguishable  ; but  the  buccal  cavity  usually  passes  directly 
into  the  oesophagus.  In  the  Molluscoida,  however,  a part  called  the 
pharynx,  exists  between  the  mouth  and  the  oesophagus. 

A true  pharynx  is,  indeed,  characteristic  of  the  Vertebrata,  and  is 
specially  developed  in  those  which  respire  air,  and  in  which  the  food 
has  to  be  swallowed,  without  entering  the  sensitive  air-passages,  and 
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wdth  but  a momentary  interruption  to  the  breath.  In  the  cold-blooded 
Serpents,  however,  which  swallow  animals  entire,  deglutition  is  painfully 
slow,  and  causes  a certain  interference  with  respiration.  In  the  young 
kangaroo,  whilst  it  is  still  retained  in  the  marsupium  or  abdominal 
pouch,  the  upper  part  of  the  larynx  is  elongated,  and  projects,  as  in  the 
Cetacea,  into  the  posterior  nares,  so  that  the  milk  passes  down  on  each 
side,  without  risk  of  entering  the  air-passage,  and  without  interference 
with  the  act  of  breathing. 

The  Stomach  and  Intestines  in  Animals. 

Mammalia. — In  the  Quadrumana,  the  stomach  often  resembles  that 
of  Man,  but  it  is  sometimes  globular  or  elongated,  sacculated,  constricted, 
or  bent  on  itself ; a cardiac  and  a pyloric  portion  are  always  recognisable. 
In  the  Carnivora,  the  stomach  also  presmts  the  human  shape,  but  the 
cardiac  pouch  is  large.  In  the  insectivorous  Cheiroptera,  it  is  globular ; 
in  the  vampyres,  it  is  long  and  conical,  the  cardiac  end  being  the  larger ; 
in  the  frugivorous  species  it  is  still  longer,  the  cardiac  pouch  is  con- 
stricted in  its  middle,  and  the  pyloric  portion  is  bent.  In  the  proper 
Insectivora,  this  organ  is  elongated.  In  the  Edentata,  it  is  usually 
simple  ; but  in  the  genus  hlanis,  the  cardiac  and  pyloric  portions  are 
marked  off  by  an  internal  fold,  and,  in  one  species,  a long  sac  extends 
from  the  pyloric  portion.  In  the  sloths,  the  stomach  is  first  divided 
into  a cardiac  pouch  and  a pyloric  portion  ; tlie  former  has  a dense 
epithelium,  and  is  again  subdivided  into  two  parts,  one  ending  in  a 
blind  canal ; the  pyloric  portion  has  thick  walls,  and  a soft  mucous 
jnembrane,  and  is  suMivided  into  two  parts,  which  might  be  compared 
with  the  third  and  fourth  stomachs  of  the  Euminants.  In  the  ant- 
eaters,  the  cardiac  part  of  the  stomach  constitutes  a kind  of  crop,  whilst 
a second  chamber,  having  thick  walls  and  a hard  gristly  lining,  some- 
what resembles  the  gizzard  of  the  bird,  and,  compensating  for  the  want 
of  teeth,  crushes  the  ants,  by  aid  of  the  sand  swallowed  with  them. 

It  is  in  the  Euminants,  however,  which  are  all  vegetable-feeders,  that 
the  stomach  presents  the  most  remarkable  complication,  being  divided 
into  four  distinct  cavities  ; first,  paunch,  rumen,  ingluvics,  or  pause; 
secondly,  the  honey-comh,  water-bag,  reticulum,  or  bonnet ; thirdly,  the 
omasum,  manyplies,  psalterium,  orfeuillet : and,  fourthly,  the  abomasum, 
reed,  rennet,  or  caillet.  The  first  stomach,  or  paunch,  is  the  largest, 
sometimes  attaining  enormous  dimensions : it  forms  a bag,  constricted  at 
one  point,  and  placed  to  the  left  of  the  msophagus,  which  opens  into  its 
right  upper  end : its  mucous  membrane  is  papillated,  and  covered  unth  a 
dense  white  squamous  epithelium.  In  the  camel  tribe,  two  clusters  of 
diverticula,  or  cells,  exist,  one  on  each  side  of  the  paunch.  In  the  drome- 
dary, each  cluster  is  eighteen  inches  long  and  six  inches  broad.  The 
component  cells,  quadrangular,  and  arranged  in  rows,  are,  when  dis- 
tended, about  three  inches  wide  and  deep  ; their  orifices  are  closed  by 
membrano-muscular  folds ; some  are  subdivided  by  membranous  ridges 
into  secondary  cells.  These  water-cells  of  the  paunch  are  intended  for 
storing  up  water,  which  is  found  only  at  long  distances  in  arid  countries. 
They  are  emptied  by  the  action  of  their  muscular  walls. 

The  second  stomach,  or  honey-comb,  much  smaller  than  the  paunch, 
forms  a simple  bag  beneath  the  oesophagus,  between  the  paunch  and  the 
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third  stomach  or  manyplies.  Along  the  inner  surface  of  its  upper 
concave  border,  is  a peculiar  demi-canal  or  groove,  named  the  oesophageal 
groove,  ■which  runs  from  the  right  half  of  the  msophagus,  of  which  it 
seems  a continaation,  on  into  the  manyplies  ; its  borders,  composed  of 
the  muscular,  submucous,  and  mucous  coats,  are  much  elevated,  and  can 
be  brought  together,  so  as  to  form  a tube  leading  directly  from  the  ceso- 
phagus,  past  the  paunch  and  honey-comb,  into  the  manyplies.  The  in- 
terior of  the  honey-comb  is  characterised  by  a cell-like  or  reticular 
structure,  being  developed  into  numerous  polygonal  cells,  which  are 
shallow  in  the  reindeer  and  giraffe,  deeper  in  the  ox  and  sheep,  and 
still  more  capacious  in  the  llamas  and  camels.  The  mucous  membrane, 
in  the  horned  species,  is  papillated,  especially  on  the  inter-alveolar 
ridges.  The  cells  of  the  honey-comb  or  water-bag  retain  water,  which 
during  digestion  is  mixed  with  the  food.  They  are  not  proper  water 
reservoirs,  like  the  cells  of  the  camel’s  paunch ; for,  unlike  these,  they 
have  no  marginal  covering  folds,  are  always  open,  are  more  sub-divided 
internally,  and  do  not,  when  filled,  bulge  on  the  outer  surface.  Moreover, 
the  cells  of  the  honey-comb  are  present  in  all  Ruminants,  whilst  those  of 
the  paunch  exist  only  in  the  camels,  dromedaries,  and  llamas. 

The  third  stomach,  or  'numyplies,  is  usually  the  smallest  cavity  of  the 
complex  ruminant  stomach;  but  in  the  camels  it  is  larger  than  the  honey- 
comb. It  forms  a sac,  placed  between  the  honey-comb  and  the  fourth 
stomach,  or  rennet-bag ; it  communicates  with  the  former,  by  a narrow 
passage,  but  opens  quite  freely  into  the  latter.  Its  inner  surface  is  re- 
markably increased  by  numerous  longitudinal  laminse  or  folds,  having 
their  free  edges  turned  towards  the  cavity,  varying  alternately  in  depth, 
and  numbering  from  forty,  in  the  sheep,  to  twice  that  number,  in  the  ox  ; 
their  resemblance  to  the  leaves  of  a book,  has  given  rise  to  the  appellations 
manyplies,  psalterium  (psalter),  and  feuillet.  The  mucous  membrane 
of  the  manyplies  is  villous. 

fourth  stomach,  or  rennet-hag,  from  which,  in  the  calf,  the  rennet 
is  procured  for  curdling  milk  in  the  manufacture  of  cheese,  is  about  one- 
third  of  the  size  of  the  paunch  ; it  is  elongated  and  conical  in  form, 
being  wider  at  the  left  end  next  to  the  manyplies,  and  gradually  narrow- 
ing towards  the  pylorus,  near  which  the  muscular  coat  is  thickened,  and 
where  a circular  pyloric  valve  exists.  The  mucous  membrane,  thro'w'n 
into  loose,  irregular,  longitudinal  rugae,  connected  by  smaller  transverse 
ones,  is  soft,  destitute  of  villi,  and  highly  vascular.  It  is  chiefly  com- 
posed of  the  countless  gastric  follicles,  which  open  upon  its  surface. 
The  rennet-bag  is  the  true  digestive  stomach,  being  the  only  part  of 
the  compound  ruminant  stomach  -uhich  secretes  gastric  juice. 

The  ruminant  animal,  cropping  its  herbaceous  food,  first  partially 
masticates  and  insalivates  it,  and  then  swallows  it.  Afterwards,  the 
animal  being  at  rest,  the  food,  so  swallowed,  is  returned  into  the 
mouth,  where  it  is  now  reraasticated  and  once  more  swallowed.  This 
constitutes  the  act  of  rumination,  characteristic  of  these  animals.  The 
crude  food,  when  first  swallowed,  descends  in  largish  masses,  which 
force  open  the  borders  of  the  msophageal  groove,  and  so  escape  into  the 
paunch.  Water,  doubtless,  is  conducted  along  that  groove  into  the 
honey-comb,  or  so-called  water-bag.  but  it  also  partly  escapes  between 
the  margins  of  the  groove,  and  so  enters  the  paunch,  where,  in  the  camel 
tribe,  it  is  received  into  the  system  of  water-cells  there  situated. 
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The  food,  partially  masticated  and  insalivated,  lubricated  -with  mucus, 
and  mixed  with  water  and  the  juices  of  the  paimeh,  undergoes  macera- 
tion in  that  cavity,  and  also  probably  enters  the  honey-comb,  in  whicli 
it  is  fmther  watered.  Now,  moulded  by  muscular  action  into  small 
masses  or  pellets,  either  in  the  cells  of  the  honey-comb  bag,  or  by  the 
oesophageal  groove  itself,  it  is  propelled  into  the  oesophagus,  and  thence, 
by  an  anti-peristaltic  action,  into  the  mouth.  The  soft  and  small  pellet 
is  there  deliberately  remasticated  and  insalivated,  and  is  thus  reduced  to 
a semi-fluid  pulp,  which  again  passes  down  the  oesophagus,  and  the 
margins  of  the  oesophageal  groove  being  now  closed  by  muscular  con- 
traction, so  as  to  form  a complete  tube,  the  semi-fluid  mass  is  this  time 
transmitted  into  the  third  stomach,  or  man^lies,  from  which  it  cannot 
return.  Here  it  is  brought  into  contact  with  a large  surface  of  mucous 
membrane,  loses  much  fluid  and  soluble  saccharine  and  other  substances, 
and  is  then  passed  on  to  the  rennet-bag,  for  the  digestion  of  the  albu- 
minoid matters. 

The  precise  mode  of  action  of  the  borders  of  the  cesophageal  groove 
and  other  parts,  is  not  known.  Some  suppose  that  the  animal  conveys 
the  food  or  drink,  instinctively  or  voluntarih',  either  into  the  first  or 
second  stomach,  or  else  into  the  third.  But  according  to  another  view, 
the  process  is  partly  a reflex  act,  and  partly  mechanical.  In  every  act 
of  deglutition,  the  borders  of  the  oesophageal  groove  are  believed  to  be 
approximated  by  a co-ordinated  muscular  act.  AVhen  the  food  or  fluid 
swallowed,  is  large  in  mass  or  quantity,  it  is  supposed  to  overcome  the 
muscular  action,  and  so  to  pass,  if  solid,  into  the  paunch,  and,  if  fluid, 
partly  also  into  the  honey-comb ; but  if  the  material  swallowed  be  semi- 
fluid or  fluid,  and  in  moderate  quantity,  it  is  suggested  that  it  may  be 
conveyed  along  the  temporary  tube  into  the  manyplies  (Flourens).  In 
the  act  of  sucking,  the  milk  is  said  to  pass  at  once  into  this  cavity,  on  ac- 
count of  the  small  quantity  swallowed  at  a time.  It  is  not  certain  whether 
the  regurgitated  pellets  are  moulded  in  the  cells  of  the  honey-comb  bag 
itself,  or  in  the  oesophageal  groove  ; nor  whether  the  pellet  is  introduced 
into  the  lower  end  of  the  oesophagus,  bj-  the  contraction  of  the  sides  of 
the  groove,  or  by  that  of  the  reticulum  itself  Though  reflex,  and  pro- 
bably excited  by  the  food  as  a stimulus,  and  therefore  not  volitional, 
these  movements  of  the  ruminant  stomach  and  oesophagus  may  be  in  some 
extent  controllable  by  the  will. 

In  the  Pachydermata,  the  stomach  is  more  simple.  Thus,  it  is  elon- 
gated. and  possesses  along  cardiac  pouch  in  the  elephant  and  rhinoceros, 
but  in  the  former,  it  presents  numerous  internal  transverse  folds.  The 
hippopotamus  has  two  cardiac  pouches,  opening  widely  into  the  rest  of 
the  stomach  ; in  the  tapir  and  hyrax,  this  organ  forms  two  cavities.  In 
the  pig,  the  stomach  resembles  externally  that  of  Alan,  though  the  car- 
diac end  is  more  projecting,  and  a considerable  extent  of  the  lining 
membrane,  near  the  oesophageal  opening,  is  covered  with  a thick  epithe- 
lium. In  the  peccary,  stiU  more  of  the  cardiac  portion  is  hned  by  a 
dense  epithelium. 

In  the  Solipeds,  the  stomach  is  rounder,  the  oesophageal  and  pyloric 
openings  are  near  to  each  other,  and  the  cardiac  portion  of  the  oigan  is 
lined  by  a thick  epithelium,  which  terminates  by  a dentated  margin. 

In  the  Kodentia,  the  stomach  is  also  marked  off  into  a cardiac  and 
pyloric  portion,  often  indicated  by  an  external  constriction  ; the  cardiac 
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partis  lined  by  a thick  epithelium,  and  the  pyloric  end  by  a soft  glandu- 
lar mucous  membrane.  In  the  beavers,  and  some  other  species,  the 
stomach  has  glandular  crypts  and  caeca,  the  use  of  -which  is  not  known. 

The  Marsupials,  whether  carnivorous  or  herbivorous,  have  usually  a 
simple  somewhat  elongated  stomach,  sometimes  provided,  like  that  of  the 
beaver,  with  numerous  crypts.  In  the  kangaroo,  the  stomach  is  of 
remarkable  length,  being  as  long  as  the  body  ; its  middle  portion  is 
sacculated,  and  marked  by  three  longitudinal  muscular  bands,  somewhat 
like  the  colon  ; it  has  three  compartments,  two  being  cardiac  pouches, 
and  also  three  rows  of  large  crypts  along  the  bands. 

It  is  remarkable  that  the  carnivorous  Cetacea  have  a more  complex 
stomach  than  the  herbivorous  species.  In  the  dugong,  amongst  the 
latter,  this  organ  is  elongated,  and  marked  off  into  a cardiac  and  a 
pyloric  portion,  by  a constriction,  from  near  which  two  blind  pouches 
proceed;  the  cardiac  pouch  presents  a large  glandular  surface.  The 
carnivorous  cetacean  stomach  possesses  from  three  to  seven  cavities, 
the  first  of  which  has  a thicker  epithelium  than  the  rest. 

On  taking  a general  view  of  the  above  described  modifications  of  the 
mammalian  stomach,  it  would  seem  that,  in  its  simplest  form,  it  is  a 
specially  dilated  part  of  the  alimentary  canal,  distinguished  by  its  abun- 
dant glandular  tubules ; this  becomes  elongated  and  narrower  at  a cer- 
tain part,  next  constricted,  and  then  partially  subdivided  within,  by 
internal  folds.  These  subdimsions  in  the  complex  stomach  become  still 
more  pronounced,  and  associated  with  important  differences  of  structure 
in  the  various  coats,  especially  in  the  lining  membrane.  The  pyloric 
portion  of  even  the  simplest  stomach  has  larger  gastric  glands  than  the 
cardiac  portion  ; and,  in  the  compound  stomachs,  this  part  alone  presents 
gastric  tnbnli,  and  secretes  gastric  juice.  The  cardiac  end,  variously 
subdivided  and  modified,  is  often  lined  by  a thicker  epithelium,  and  has 
been  regarded  as  a dilatation  of  the  oesophagus. 

The  intestinal  canal  is,  in  all  Mammalia,  marked  off  from  the  stomach, 
by  a circular  muscular  rim  or  pyloric  valve.  It  presents  even  greater 
varieties  than  the  gastric  cavity,  and  these  are  more  immediately  refer- 
able to  the  nature  of  the  food. 

The  most  noticeable  difference  is  in  the  relative  length  of  the  intestines, 
from  the  pylorus  downwards,  which  are  nearly  always  shorter  in  the 
flesh-feeding,  and  longer  in  the  vegetable-feeding  species,  in  every  Order. 
The  following  Table  illustrates  both  the  rule  and  the  exceptions ; — ■ 


Flesh-Feeders.  Vegetable-Feeders. 


Carnivora — 

Euminantia — 

Cat,  dog 

. 5 to  1 

Sheep 

. 30  to  1 

Bear,  hyaena 

9 or  8 to  1 

Solipeds — 

Seal 

. 16  to  I 

Horse 

. 20  or  15  to  1 

Insectivora 

.6  or  3 to  1 

Cheiroptera — 

Cheiroptera — 

Frugivorous 

pteropus  7 to  1 

Insectivorous  bats 

. 2 to  1 

Quadrumana — 
Omnivorous 

. 8 or  3 to  1 

Excepting  in  the  Cetacea,  and  afew Edentata  and  Cheiroptera,  the  sub- 
division into  a small  and  large  intestine,  prevails  throughout.  Accord- 
ing to  its  length,  the  small  intestine  is  more  or  less  convoluted  ; it 
usually  has  internal  yalvulas  conniventes,  and  a villous  mucous  mem- 
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brane;  villi  are  alTvajs  vantiiig  in  the  large  intestine.  At  the  junction 
of  the  small  with  the  large  intestine,  a more  or  less  perfect  ileo-caecal 
valve  is  found,  except  in  the  Monotremata,  Cetacea,  and  certain  Edentata 
and  Cheiroptera. 

The  colon  is  usually  sacculated.  A oseciun  nearly  always  exists,  its 
presence  and  size  corresponding  closely  with  the  nature  of  the  food, 
being  either  absent  or  small  in  flesh-feeders,  and  highly  developed  in 
vegetable-feeders.  It  is  absent  in  all  Insectivora  and  Cheiroptera,  in 
some  of  the  Edentata,  and  in  certain  Cetacea.  In  the  Carnivora,  ge- 
nerally, it  is  short  and  narrow,  and  is  absent  in  the  bears  and  weazels. 
It  is  present,  and  of  variable  length,  in  the  Quadrumana.  In  allEumi- 
nants,  it  is  capacious,  but  it  is  still  larger  in  the  Solipeds,  being,  in  the 
horse,  three  times  as  large  as  the  stomach,  and  measuring  two  feet  in 
length.  In  the  Pachyderms,  it  is  somewhat  smaller,  but  the  hyrax 
has  two  caeca.  Amongst  the  Eodentia,  the  e»cum  is  absent  in  the  in- 
sectivorous dormouse,  short  and  small  in  the  omnivorous  rat ; but  it 
attains  its  greatest  size,  and  is  even  marked  by  circular  or  spiral  folds, 
in  the  herbivorous  genera,  as  in  the  rabbit  and  hare,  being,  in  the 
latter,  eight  times  as  capacious  as  the  stomach.  In  the  carnivorous 
Cetacea,  there  is  usually  no  CcEcum,  but  the  balmna  has  a small  one : in 
the  herbivorous  species,  this  part  exists,  being  sometimes  very  large,  but 
sometimes  short  and  bifid.  The  carnivorous  Marsupials  have  no 
csecum,  and  the  insectivorous  species  a small  one ; in  the  frugivorous 
species,  it  is  wide,  and  twice  as  long  as  the  body,  and  in  the  herbivorous 
species  tliree  times  as  long. 

The  narrow  part  of  the  caecum,  the  vermiform  appendix,  present  in 
Man.  exists  in  the  apes  and  gibbons,  and  in  the  marsupial  wombat, 
but  in  no  other  mammalian  animal. 

In  the  Monotremata,  a small  csecum  alone  indicates  the  place  of 
junction  of  the  small  and  large  intestine  ; the  intestinal  canal  is  narrow, 
but  widens  below,  and  ends  in  a cloaca,  as  in  birds. 

Birds. — The  digestive  canal  in  Birds  is  usually  complex,  the  oeso- 
phagus being  more  or  less  dilated  near  its  lower  end,  to  form  the  crop, 
or  inff/uvics,  to  which  succeeds  the  proventricvlus,  or  proper  secreting 
stomach,  and  bej'ond  this,  is  a third  cavity,  forming  the gi^card.  In  the 
pelican,  the  floor  of  the  mouth,  and  in  some  other  birds,  the  sides  of  the 
fauces,  are  dilated  into  receptacles  for  food. 

The  (esophagus  varies  in  length  according  to  that  of  the  neck.  In 
the  storks,  herons,  and  pelicans,  which  swallow  their  prey  whole,  it  is 
very  wide,  and  in  the  cormorant,  it  forms  a large  pouch.  It  communicates 
freely  with  the  proventriculus,  and  its  longitudinaUy  plicated  mucous 
membrane  has  numerous  follicles,  which  secrete  a mucus  to  moisten  the 
food,  and  aid  in  deglutition.  The  crop,  or  dilated  portion  of  the  oeso- 
phagus, is  not  distinct  in  the  toucans  and  hornbills,  or  in  frugivorous 
and  insectivorous  birds,  or  in  most  of  the  waders.  It  is  even  wanting, 
amongst  the  swimming  birds,  in  the  swans  and  geese,  but  is  small  in  the 
ducks.  The  large  birds  of  prey  have  a smaE  crop,  lodged  in  front  of  the 
fm’cular  bone  or  merrj'thought,  at  the  root  of  the  neck.  The  crop  is 
most  developed  in  the  grain-eating  gallinacea,  forming  a dependent  bag. 
connected  until  one  side  of  the  cesophagus,  as  in  the  fowl,  or,  as  in  the 
pigeons,  consisting  even  of  two  lateral  oval  sacs.  AVhere  a crop  exists, 
the  short  portion  of  the  oesophagus  below  it,  is  named  the  second  or 
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lower  ossophagus ; it  gi-aduall}'  dilates  into  the  proventrieulus,  whieli 
has  no  constricted  cardiac  orifice. 

The  proventrieulus,  also  called  the  ventricidus  succenturiatus,  the  true 
glandular  stomach,  varies  in  form  and  size  in  different  birds,  being 
sometimes  wide  and  straight,  and  sometimes  round.  In  the  rasorial  birds, 
it  is  wider  than  the  oesophagus,  but  smaller  than  the  gizzard ; in  the 
birds  of  prey,  it  is  about  the  same  size  as  the  gizzard ; in  the  parrots 
and  storks,  it  is  larger  than  the  gizzard,  and  in  the  ostrich,  four  or 
five  times  as  large.  Its  mucous  membrane  is  thicker  and  more  vas- 
cular than  that  of  the  oesophagus  or  even  of  the  crop,  and,  as  in  the 
mammalian  stomach,  is  provided  with  numerous  gastric  glands  arranged 
perpendicularly  to  the  surface,  sometimes  simply  tubular,  as  in  the  carni- 
vorous eagle  and  sea-gull,  the  insectivorous  swallow,  and  thegranivorous 
pigeon,  and  often  sacadated,  or  even  expanded  into  compound  follicles, 
as  in  other  grain-eaters,  viz.  the  fowl,  turkey,  rhea,  and  ostrich.  The 
disposition  of  these  glands  on  the  interior  of  the  proventrieulus,  differs 
in  different  Orders,  and  even  in  different  genera  of  the  same  Order. 
Thus,  they  may  be  diffused  over  the  whole  sm-face,  or  may  form  a single 
oval,  elongated,  or  triangular  cluster,  two  oval  lateral  clusters,  or  four 
arranged  in  a circular  manner,  or  they  may  form  a zone  or  belt. 

The  gizzard,  gigerium  or  ventriculus  hulbosits,  the  third,  last,  or  muscular 
stomach  of  birds,  is  a more  or  less  flattened,  ovoid  receptacle,  having 
two  neighbom-ing  apertures  at  its  upper  part ; one,  into  which  the  pro- 
ventriculus  opens,  and  the  other  leading  into  the  intestine.  Between 
and  below,  as  it  were,  these  apertures,  the  gizzard  forms  a cul-de-sac, 
varying  in  size,  and  having  walls  of  variable  thickness  in  different 
species.  In  the  birds  of  prey,  the  muscular  coat  is  thin,  and  its  fibres 
radiate  from  two  lateral  tendinous  centres.  It  is  in  the  rasorial  and 
flat-billed  swimming  birds,  as  exemplified  in  the  fowl  and  swan,  that  the 
gizzard  is  most  developed ; the  deep  red  muscular  fibres  here  form  four 
very  thick  masses,  two  of  which,  named  the  musculi  laterales,  constitute 
the  sides  of  the  gizzard,  whilst  two  smaller  ones,  the  7nuscidi  intermedii, 
are  placed  at  one  end ; they  all  radiate  from,  and  towards,  two  vez’y  strong 
anterior  and  posterior  tendons.  The  cavity  of  the  gizzard  is  compara- 
tively small,  and  is  bounded  by  two  flat  surfaces,  covered  by  a very 
thick,  cuticular,  horny,  or  even  tuberculated  lining  membrane,  supported 
on  a dense,  fibrous,  submucous  coat.  The  lining  membrane,  is  hardest 
in  the  granivorous  birds,  especially  in  those  species  in  which  the  food  is 
most  solid  ; its  density  increases  at  the  points  where  the  pressure  and 
friction  are  greatest.  In  the  petrel,  it  presents  a layer  of  small  square 
tubercles,  suggesting  a likeness  to  the  gastric  denticles  of  certain  Gas- 
teropods.  Hunter  observed  that  in  a sea-gull  fed  on  barley,  the  muscles 
and  cuticle  of  the  gizzard  became  thicker  than  natural. 

A pyloric  valve  usually  exists  in  Birds  ; it  is  placed,  in  most  species,  a 
little  below  the  gizzard,  so  that  there  is  a short  pyloric  portion  of 
the  stomach  intervening  between  the  gizzard  and  the  duodenum. 
The  pyloric  valve  is  verj^  strong  in  some  birds;  it  is  double  in  the 
gannet,  and,  in  the  ostrich,  forms  six  or  seven  ridges,  which  close  the 
pylorus  like  a grating,  permitting  only  small  stones  to  pass. 

The  uses  of  the  crop,  proventrieulus,  and  gizzard  of  Birds,  are  obvious. 
The  crop,  absent  or  small  in  birds  living  on  fruit,  insects,  small  aquatic 
animals,  or  flesh,  but  reaching  its  utmost  development  in  those  which 
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feed  on  grain  and  other  seeds,  forms,  like  the  ruminant  paunch,  a cavity 
for  the  retention  and  maceration,  during  several  hours,  of  hard  and 
dry  food,  so  as  to  prepare  it  for  the  solvent  action  of  the  proper  gas- 
tric juice  of  the  proventriculus,  and  the  grinding  force  of  the  gizzard. 
Seeds  soften  and  swell  under  the  influence  of  the  scanty  saliva,  and  of  the 
more  copious  secretion  of  the  crop.  Pigeons  will  sometimes  devour  so 
many  dry  peas,  as  to  be  almost  sutFocated  when  these  swell  in  the  crop. 
The  crop  has  been  compared  to  the  hopper  of  a mill,  and  the  gizzard  to 
the  millstones,  the  former  and  larger  cavity  receiving  the  food,  and  de- 
livering it,  in  successive  suitable  quantities,  into  the  latter,  which  is  so 
much  smaller.  Whilst  rearing  its  young,  the  mucous  membrane  of  the 
double  crop  of  the  pigeon  becomes  thicker  and  more  vascular,  its 
glands  enlarge,  and  secrete  a milk}'  looking  fluid,  which  mixes  with  the 
softened  grain  in  the  crop,  and  is  then,  by  an  antiperistaltic  action,  regur- 
gitated into  the  mouth,  from  which,  in  the  manner  above-described  ip. 
118),  it  is  taken  by  the  young  pigeon,  serving  the  same  purpose  as  the 
lacteal  secretion  of  the  Mammalia.  The  proventriculus  of  Birds  has 
been  compared  with  the  cardiac,  and  the  gizzard,  with  the  pyloric,  por- 
tion of  the  mammalian  stomach.  The  secretion  of  the  proventriculus  has 
the  same  digestive  properties  as  those  of  the  gastric  juice  of  Mammalia. 
The  gizzard,  which,  when  it  exists,  forms  an  internal  masticatory  organ, 
supplying  the  want  of  a masticatory  apparatus  in  the  head,  has  evi- 
dently a mechanical  oifiee.  By  the  aid  of  pebbles,  gravel,  or  sand, 
swallowed  especially  by  granivorous  birds,  it  triturates  the  food.  Such 
birds  do  not  thrive,  without  a supply  of  pebbles  or  gravel ; and  pigeons 
have  been  known  to  carry  these  to  their  young.  Grains  of  barley, 
enclosed  in  strong  perforated  tubes,  pass  through  the  alimentary  canal 
of  the  bird  undigested,  whilst  meat,  similarly  enclosed,  is  dissolved. 
Unbruised  corn,  with  its  hard  silicious  coat  unbroken,  is  not  soluble  in 
gastric  or  intestinal  juice.  The  gizzard  of  the  ostrich  can  flatten  metal 
tubes,  pulverise  glass  balls,  and  break  or  blimt  the  points  of  needles  and 
lancets,  without  injury  to  its  hard  internal  coat.  The  grinding  of  the 
stones  in  a bird’sgizzard,  may  be  heard  by  the  stethoscope.  The  movements 
of  the  walls  of  this  cavity,  are  supposed  to  be  slightly  rotatory.  In  the 
membranous  gizzard  of  the  cuckoo,  as  I,  as  well  as  others,  have 
found,  the  hairs  of  caterpillars  are  sometimes  impacted  in  a regular 
spiral  manner,  as  if  felted  by  a continuous  movement  of  partial  rotation ; 
balls  of  hairs  spirally  disposed  have  also  been  seen.  These  facts  have 
been  often  quoted,  in  support  of  the  view  that,  in  aU  animals,  intrinsic 
movements  of  the  walls  of  the  stomach  may  occur. 

The  intestine  of  Birds  generally,  is,  relatively  to  the  body,  shorter  than 
that  of  hlammalia,  but  longer  than  that  of  Eeptiles.  It  varies  in  length 
and  width,  as  well  as  in  the  arrangement  of  the  convolutions,  and  in  the 
relative  development  of  the  cseca.  In  the  birds  of  prey  generally,  the 
intestine  is  not  more  than  twice  as  long  as  the  body,  including  the  bill, 
but  in  the  osprey  it  is  eight  times  js  long.  It  is  longer  in  frugivorous  and 
granivorous  birds,  and  shorter  in  the  flesh-eating  species.  The  duodenum 
always  forms  a long  loop,  embracing  the  pancreas.  The  remaining  por- 
tion of  the  small  intestine,  is  variously  folded  in  different  birds,  the  con- 
volutions being  either  spiral,  concentric,  or  irregular.  The  mucous 
membrane  is  usually  plicated.  The  distinction  between  small  and  large 
intestine  now  becomes  less  marked,  there  being  no  ileo-caeeal  valve,  and 
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villi  being  found  on  tbe  mucous  membrane  of  both.  Their  place  of 
junction  is,  ho-wever,  frequently  indicated  by  the  presence  of  a caecum, 
or  rather  of  two  caeca,  for  this  diverticulum  is  most  commonly  double. 
The  caeca  are  wanting  in  some  vultures,  in  the  cormorant,  wryneck, 
and  toucan,  and  in  many  carnivorous,  insectivorous,  and  frugivorous 
birds  ; they  are  small  and  short  in  other  vultures,  in  the  eagles,  and  in 
the  solan-goose,  and  also,  when  they  exist,  in  the  Insessorial  tribes. 
They  are  longer  in  the  nocturnal  than  in  the  diurnal  birds  of  prey. 
Amongst  the  Easores,  they  are  short  in  the  pigeons,  but  very  long  in  the 
grouse,  each  measuring  three  feet,  or  thrice  the  length  of  the  body,  their 
internal  surface  being  increased  by  eight  longit\adinal  folds  ; in  other 
Easores,  they  are  of  moderate  length.  In  the  Cursorial  birds,  the  intes- 
tinal canal,  as  well  as  other  parts,  approaches  more  necirly  the  mamma- 
lian character.  The  caeca,  however,  are  absent  in  the  cassowary,  which 
obtains  a constant  supply  of  succulent  vegetable  food ; whilst  in  the 
ostrich,  which  lives  upon  dry  and  scarce  food,  they  are  wide,  about 
two  feet  long,  and  have  an  internal  spiral  fold,  like  that  of  the  hare. 
In  Birds  generally,  as  in  Mammalia,  the  caeca  are  absent,  or  small,  when 
the  food  is  concentrated  and  easily  digestible  ; but  when  it  is  slower  of 
digestion,  or  is  taken  in  larger  quantity,  and  at  longer  intervals,  these 
appendages  are  most  developed. 

The  large  intestine  beyond  the  caeca,  is  long  and  mammalian-like  in  the 
ostrich,  but  usually  is  relatively  short,  straight,  and  not  very  wde ; it 
terminates  by  an  imperfectly  valved  circular  opening  in  the  dilated  cavity 
called  the  cloaca,  into  which  also  the  ureters  and  the  duct  or  ducts  of 
the  reproductive  organs,  open.  In  the  hinder  wall  of  the  cloaca,  is  situated 
the  glandular  organ  known  as  the  bursa  Fabricii. 

Lastly,  there  exists  in  many  birds  a short,  narrow,  blind  diverticulum, 
connected  with  the  small  intestine ; this  is  the  vestige  of  the  vitelline 
duct,  which,  in  the  embryo  and  young  bird,  connects  the  yolk  sac  with 
tlie  intestine.  It  is  called  the  vitelline  cacum  ; it  has  no  special  digestive 
function.  A similar  diverticulum  is  occasionally  found  in  Mammalia, 
and  even  in  Man. 

Reptiles. — The  alimentary  canal  in  this  Class,  is  more  simple  than 
in  Birds,  to  which,  however,  it  approaches  more  nearly  than  to  that 
of  Fishes.  The  oesophagus  varies  in  length,  according  to  that  of  the 
neck  ; it  is  wide,  plicated,  and  dilatable  in  the  Ophidia  ; as  in  Birds,  it 
joins  the  stomach  without  any  constriction  or  cardiac  orifice ; but  the 
mucous  membrane  suddenly  ceases  to  have  a dense  epithelium,  and  be- 
comes soft,  smooth,  and  glandular.  In  the  larger  Saurians,  the  first  part 
of  the  stomach  has  the  form  and  structrue  of  a gizzard,  presenting  thick 
muscular  walls,  the  fibres  of  which  radiate  from  two  opposite  central 
tendons  ; the  pyloric  part,  more  decidedly  glandular,  corresponds  with  the 
short  portion  sometimes  found  between  the  gizzard  and  the  duodenum  in 
Birds.  In  the  Serpents,  the  cardiac  part  of  the  stomach  is  long,  slightly 
saccular,  and  highly  dilatable,  whilst  the  pyloric  portion  is  narrower  and 
very  muscular,  being  the  only  part  like  a gizzard.  In  the  Chelonians, 
the  stomach  is  curved,  and  larger  at  the  cardiac  than  at  the  pyloric  end. 
The  pyloric  valve  is  usually  present  in  Eeptiles,  though  not  very  dis- 
tinct, and  sometimes  is  scarcely  recognisable. 

The  intestine  in  Eeptiles  is  shorter  and  wider  than  in  Birds.  In  the 
Saurians,  there  is  mostly  an  ileo-colic  valve ; the  crocodiles  have  no 
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caecum.  In  the  Chelonians,  the  intestine  is  long  and  muscular  ; an  ileo- 
caecal  valve  usually  exists,  and  also  frequently  a caecum.  In  Serpents, 
the  small  intestine  especially,  is  elongated ; the  ileo-colic  valve  is  indis- 
tinct, or  its  place  is  indicated  only  bj'  a change  in  the  size  of  the  canal ; 
the  lar^e  intestine  sometimes  has  transverse  folds  in  its  interior,  analo- 
gous with  the  spiral  valve  in  the  same  part  in  Cartilaginous  fishes.  As 
shown  by  the  fonn  of  certain  reptilian  coprolites.  these  folds  must  have 
been  well  developed  in  some  extinct  Saurians.  The  mucous  membrane 
of  the  large,  as  well  as  of  the  small,  intestine  is  plicated  and  villous. 
The  lower  end  of  the  larger  intestine  forms  a cloaca,  receiving  the  ducts 
of  the  urinary  and  reproductive  organs.  The  presence  of  a caecum  in 
certain  Chelonia,  fiumishes  an  additional  example  of  the  association  of 
this  organ  with  the  use  of  a vegetable  diet.  The  existence  of  a gizzard 
in  some  Eeptiles,  is  one  of  the  indications  of  the  relations  of  this  Class 
with  Birds. 

Amphihia. — The  cesophagus  of  the  Amphibia  is  short,  dilatable  and 
muscular.  The  stomach  is  fish-like,  being  tubular,  wider  at  the  cardiac 
than  at  the  pyloric  end,  and  placed  transversely,  or  curved  upon  itself. 
The  intestine  in  the  toad  and  fi’og,  is  readily  distinguishable  into  small 
and  large,  the  former  opening  into  the  side  of  the  latter;  the  ileo-csecal 
valve  is  indistinct  or  absent.  In  the  more  fish-like  Batrachia,  the  division 
into  small  and  large  intestine,  is  imperceptible.  The  latter  ends  in  a 
cloaca,  which  receives  the  duets  of  the  urinary  and  reproductive  organs. 
The  relation  between  the  length  of  the  intestinal  canal  and  the  nature 
of  the  food,  is  illustrated  in  the  long  and  coiled  intestine  of  the  young 
vegetable-feeding  tadpole,  as  compared  with  the  short  intestine  of  tho 
insectivorous  adult  frog  and  toad. 

Fishes. — In  Fishes,  the  alimentary  canal  presents  its  most  simple  verte- 
brate form,  being  wide,  and,  in  relation  to  the  body,  short.  The  oesophagus, 
short,  wide,  and  muscular,  sometimes  passes  so  evenly  into  the  stomach 
that  the  structure  of  the  mucous  membrane  alone  distinguishes  them  ; in 
the  former,  it  is  pale  and  longitudinally  plicated ; in  the  latter,  it  is  softer, 
redder,  and  full  of  gastric  tubuli.  In  the  Cyclostomata,  it  forms  only  a 
dilated  portion  of  the  nearly  straight  canal.  In  the  Osseous  fishes  es- 
pecially, it  varies  in  size,  but  is  usually  tubular,  bent  once  upon  itself, 
and  narrower  towards  the  pylorus:  sometimes,  by  protrusion  of  the  con- 
vex border,  and  shortening  ofthe  concave  border,  it  becomes  fiask-shaped 
or  globular,  with  its  cardiac  and  p>yloric  openings  placed  near  together. 
The  cardiac  orifice,  large,  and  sometimes  provided  with  a valvular  fold, 
not  only  readily  permits  the  swallowing  of  the  prey  whole,  but  some- 
times allows  of  regurgitation  and  rumination,  the  food  being  remasticated 
by  the  teeth,  or  by  the  pharyngeal  bones,  as  seen  in  the  carp.  The  pyloric 
part  is  sometimes  so  muscular  as  to  resemble  an  imperfectly  developeil 
gizzard,  having  thick  walls  and  a dense  squamous  epithelial  lining. 
A pyloric  valve  nearly  always  exists. 

The  intestine  is  relatively  short  and  wide,  of  nearly  uniform  diameter 
throughout,  has  few  convolutions,  and  is  distinguished  into  a large  and 
small  intestine,  by  a slight  constriction  only ; there  is  no  distinct  ileo- 
colic valve,  but  sometimes  a short  cpecuui  exists.  The  small  intestine 
has  usually  connected  with  it,  immediately  below  the  pylorus,  the  so- 
called  appendices pyloricas,  which  have  been  compared  with  the  pancreas. 
The  large  intestine  is  often,  as  in  the  sharks,  provided  with  internal  folds 
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or  a spiral  valve,  by  which  its  surface  is  much  increased.  It  is  also 
generally  thrown  into  rugae,  which  augment  its  surface.  In  some  species, 
the  intestine  is  unusually  long ; it  is  rarely  supported  upon  a mesentery, 
excepting  at  a few  points.  The  peritoneal  cavity  presents  the  unusual 
condition  of  opening  directly  on  the  exterior.  In  the  singular  am- 
phioxus,  the  alimentary  canal  is  short  and  nearly  straight,  the  stomach 
being  scarcely  dilated  ; the  intestine,  as  well  as  the  mouth  and  sides  of 
the  pharynx,  is  provided  throughout  with  cilia,  which  assist  in  moving 
on  the  fluids  in  the  alimentary  canal. 

Mollusca. — In  these  animals,  the  alimentai’y  canal,  though  simpler 
than  in  the  Vertebrata,  presents,  as  in  them,  many  gradations,  from  a 
very  complex  form  in  the  Cephalopods,  to  that  of  a slightly  convoluted 
canal,  with  a simple  dilatation  for  the  stomach  in  the  Lamellibranchiata. 
No  distinction  exists  into  small  and  large  intestine. 

In  the  Cephalopods,  the  cesophagus,  which  perforates  the  cephalic 
cartilage,  is  long,  very  dilatable,  and  ends  in  a strong  gizzard,  roundish 
or  elongated  in  shape,  lined  with  a hard  epithelium,  provided  with  two 
digastric  muscles  radiating  from  two  lateral  tendons,  and  having  its 
cardiac  and  pyloric  orifices  near  together.  Sometimes,  before  entering 
the  gizzard,  the  msophagus  expands  into  a crop.  Below  the  pylorus, 
the  intestine  dilates  to  form  a spherical,  triangular,  elongated,  or  spiral 
cavity,  having  a follicular  mucous  membrane ; this  has  also  been  re- 
garded as  a stomach,  but  the  ducts  of  the  liver  enter  it  through  a sort 
of  sac.  Lower  down,  the  intestine  forms  a simple,  more  or  less  curved, 
tube,  which  bends  up,  and  opens  into  the  branchial  chamber,  at  the  base 
of  the  mantle,  not  far  from  the  mouth.  The  ink-bag  is  situated  close  to 
the  lower  portion  of  the  intestine,  and  opens  near  it. 

In  the  Pteropods,  there  are  also,  sometimes,  found  a crop  and  a distinct 
gizzard;  the  intestine  presents  three  or  four  bends,  surrounded  by  the 
liver. 

In  the  Pulmo-  and  Branchio-gasteropods,  the  oesophagus  is  long,  and 
frequently  expands  into  a crop  ; the  stomach  itself  often  consists  of  two 
or  more  cavities;  the  first  is  usually  lined  with  a thick  epithelium,  and 
is  sometimes  provided  with  hard  internal  laminae  or  denticles,  consti- 
tuting a sort  of  gizzard,  which  is  most  developed  when  the  buccal 
masticating  organs  are  least  so  ; the  second  has  softer  walls,  and  forms 
the  true  digestive  stomach.  The  relative  position  of  these  triturating  and 
digestive  cavities,  is  the  reverse  of  that  metwith  in  birds.  The  intestine, 
more  or  less  coiled,  larger  and  more  tortuous  in  the  vegetable-feeders,  and 
usually  embedded  in  the  liver,  receives  the  hepatic  ducts,  bends  once  or 
twice,  turns  forwards,  and  ends  near  the  fore  part  of  the  body,  usually 
on  the  right  side,  but  sometimes  on  the  left,  or  even  on  the  back.  It  is 
lined  with  a ciliated  epithelium. 

In  the  Lamellibranchiata,  the  transverse  mouth  is  concealed  in  the 
mantle,  the  cesophagus  is  short,  the  stomach  forms  a simple  dilatation, 
and  the  intestine  is  relatively  simple,  describing  a few  turns,  and  ending 
by  a straight  portion,  opening  at  the  hinder  part  of  the  mantle  ; its  con- 
volutions are  embedded  in  the  substance  of  the  liver,  and  its  terminal 
part  is  sometimes  embraced  by,  or  perforates,  the  heart.  As  already 
stated  (Vol.  I.  p.  127),  the  direction  of  the  principal  bend  of  the  intestine, 
whether  to  the  dorsal  or  hsemal,  or  to  the  ventral  or  neural  surface  of 
the  body,  is  characteristic  in  each  Molluscous  Class  (Huxley). 
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Molluscoida. — In  the  Ascidioida  and  Braehiopoda,  the  alimentary 
canal  is  very  simple,  consisting  either  of  a convoluted,  or  of  a short  re- 
curved tube,  merely  dilated  at  the  stomach,  and  having  its  terminal 
orifice  approximated  more  or  less,  to  the  often  ■wide  and  valved  mouth. 
In  the  Salpida,  the  outlet  of  the  intestine  is  at  the  hinder  end  of  the 
body.  In  some  Braehiopoda,  the  intestine  ends  in  a bUnd-sac,  having  no 
inferior  aperture  or  outlet. 

In  the  Polyzoa,  the  mouth,  situated  in  the  centre  of  the  circlet  of  cili- 
ated tentacles,  leads  into  a wide  pharynx,  and  short  oesophagus,  which 
terminates  in  a muscular  stomach ; from  this,  the  intestine  bends  up- 
wards again,  and  opens  near  the  side  of  the  oesophagus,  close  to  the 
outer  border  of  the  tentacular  circle.  In  some  species,  the  stomach  is 
muscular  or  gizzard-like.  These  creatures  present  one  of  the  lowest 
types  of  animals  possessed  of  a true  alimentarj'  canal,  distinct  from  the 
walls  of  the  body,  shut  off  from  the  peri-visceral  cavity,  and  having  a 
distinct  and  permanent  inlet  and  outlet. 

Annulosa. — The  alimentary  canal  here  also  presents  marked  degrees 
of  complexity,  from  the  highly  developed  apparatus  found  in  certain 
Insects,  to  the  simple  straight  tube  seen  in  the  lowest  "Worms.  The 
oral  aperture  or  mouth,  and  the  anal  aperture  or  outlet,  are  always  at 
opposite  ends  of  the  body.  As  a rule,  the  carnivorous  kinds  have  a 
short  intestine,  and  the  vegetable-feeders  a longer  and  even  tortuous 
intestinal  canal. 

In  the  Insects,  the  alimentary  canal  varies  with  the  stage  of  meta- 
morphosis. In  the  vermiform  larva,  it  is  a straight  tube,  passing  from 
one  end  of  the  body  to  the  other;  sooner  or  later,  a dilatation  appears, 
forming  the  stomach,  which  sometimes  becomes  divided  transversely, 
and  the  oesophagus  may  also  be  further  dilated  into  an  ingluvles  or 
crop.  The  intestinal  canal  presents  caeca,  and  therefore  a sort  of  dis- 
tinction into  small  and  large  intestine.  In  the  mandibulate  Insects,  as  in 
the  wasps  and  beetles,  the  crop  is  often  glandular;  the  gizzard,  which, 
unlike  what  occurs  in  Birds,  is  placed  above  the  digesting  stomach,  has 
verj’  muscular  walls  and  a chitinous  lining  membrane,  provided  fre- 
quently with  projections,  laminae,  hairs,  or  denticles,  but  sometimes  this 
part  is  indicated  only  by  being  a little  more  muscular.  The  true 
stomach  has  soft  delicate  walls,  usually  provided  with  numerous  gastric 
follicles.  Sometimes  the  stomach  has  no  follicles,  but  its  interior  is 
laminated,  or  developed  into  cells,  or  into  a few  short  caecal  tubes  ; 
.sometimes  it  is  quite  smooth.  The  intestine  is  generally  narrow,  more  or 
less  convoluted,  and  seldom  supported  by  a mesentery,  but  rather  by  the 
tracheae;  it  sometimes  presents  dilatations  or  divisions,  so  as  to  imitate, 
perhaps  in  form  only,  the  subdivusion  into  a small  and  large  intestine. 
Certain  fine  cseeal  tubes  communicating  with  it,  are  probably  glandular 
structm’es  rather  than  diverticula  of  the  intestine.  The  first  part  is  un- 
doubtedly fitted  for  absorption,  whilst  the  lower  end  is  more  excretory. 
It  presents  a terminal  dilatation  or  cloaca,  into  which  the  reproductive 
organs  open. 

In  the  Myriapods,  the  alimentary  canal  is  narrow  and  nearly  straight, 
and  is  either,  as  in  the  carnivorous  species,  merely  slightly  dilated,  to 
form  a stomach,  or,  as  in  the  vegetable-feeders,  complicated  by  pairs 
of  saccular  projections,  which  have  been  regarded  as  crops,  or  gizzards, 
but  may  be  merely  glandular  recesses.  The  intestine  is  straight,  wide, 
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plicated,  and  sometimes  sacculated.  Caecal  tubuli  open  into  various  parts 
of  the  alimentary  canal. 

In  the  Araehnida,  the  digestive  tube  is  straight,  very  short,  and  com- 
paratively simple.  The  stomach,  scarcely  dilated,  has  sometimes  four 
appended  sacculi,  and  sometimes  caecal  prolongations,  reaching  into  the 
bases  of  the  palpi  and  legs.  The  intestine  sometimes  presents  a globular 
dilatation,  before  it  finally  narrows. 

Amongst  the  Crustacea,  the  higher  forms,  such  as  crabs  and  lobsters, 
possess  a short  wide  sac,  provided  with  internal  hard  calcareous,  or 
chitinous  denticles,  which  serve  at  once  the  purpose  of  a gullet,  a 
masticatory  apparatus,  a stomach,  and  a gizzard.  The  denticles,  ar- 
ranged symmetrically  around  the  canal,  are  worked  by  powerful  muscles, 
and  are  shed  when  the  animal  changes  its  shell;  besides  the  larger 
denticles,  there  are  often  stiff  hairs,  bristles,  and  horny  ridges.  The  in- 
testine, marked  off  by  a constriction  from  this  denticulated  stomach,  is 
short,  nearly  straight,  and  simple ; it  is  sometimes  subdivided  by  an  im- 
perfect valve,  and,  though  seldom,  has  one  or  two  caeca.  In  the  lower 
parasitic  Crustaceans,  the  alimentary  canal  is,  however,  straight  and 
simple,  becoming  narrower  as  it  passes  backwards. 

The  shortness  and  simplicity  of  the  alimentary  canal,  in  the  Spiders, 
Scorpions,  and  Crustacea,  which  live,  some  upon  the  juices  of  other 
animals,  and  some  on  crushed  animal  food,  compared  with  the  length 
and  complexity  of  the  digestive  tube  in  vegetable-eating  insect  larvse, 
or  in  the  perfect  beetles,  further  illustrates  the  modifications  already 
noticed  in  the  digestive  canal  of  the  higher  animals,  according  to  the 
nature  of  their  food. 

In  the  Annelida,  the  alimentary  canal  never  presents  any  convolutions 
or  bendings,  and  the  mouth  and  outlet  are  always  at  opposite  ends  of 
the  body.  It  has  no  mesentery.  It  is  either  quite  simple,  not  even  pre- 
senting a gastric  dilatation,  as  in  the  lower  marine  species,  or  it  is  deve- 
loped into  simple  tubuli,  or  subdivided  pouches,  or  it  may  be  regularly 
sacculated,  as  in  the  leeches,  the  blood  sucked  by  those  animals  being 
retained,  and  slowly  digested  in  the  sacs.  In  the  earth-worm,  these  sacs 
are  represented  by  simple  constrictions ; it  also  has  a sort  of  gizzard, 
and,  within  the  intestine,  a tubular  csecal  organ,  named  the  typhlosole, 
the  use  of  which  is  not  known. 

Annuloida. — In  the  Eotiferous  animalcules,  the  alimentary  canal 
presents  a pharyngeal  dilatation,  or  crop,  sometimes  regarded  as  the 
stomach  ; the  intestine  is  narrow  and  simple,  opening  sometimes  at  once 
on  the  surface,  sometimes  after  forming  a sort  of  cloaca  ; the  orifice  is 
usually  near  the  hinder  end  of  the  body,  on  its  dorsal  aspect.  In  the 
Turbellaria,  minute  marine  and  fresh- water  worms,  an  alimentary  canal 
is  present,  which  is  either  simple,  sacculated,  or  most  remarkably  ramified 
or  dendritic  ; with  few  exceptions,  such  as  the  Nemertis  and  Microstoma, 
it  has  but  one  aperture,  viz.  a mouth,  which  is  often  pro^dded  with  a 
disc-like  sucker,  for  holding  on  to  surfaces  ; the  pharynx  also  has  a 
proboscis,  for  sucking  or  boring  purposes.  Of  the  parasitic  Scolecida, 
the  Nematoida,  or  thread-worms,  have  an  alimentary  canal,  with  both 
inlet  and  outlet,  a pharyngeal  dilatation,  and  a simple  intestinal  tube, 
sometimes,  however,  dilated,  so  as  to  form  a sort  of  stomach,  and  some- 
times a second  dilatation  lower  down.  In  the  Trematoda  or  flukes, 
such  as  the  distoma,  tristoma,  and  others,  there  exists  either  a double 
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or  a ramified  canal,  'with  a common  pharynx,  hut  no  anal  aperture.  In 
the  Grordiaeea,  or  hair-worms,  there  is  likewise  no  such  outlet.  The 
organisation  of  all  parasites,  to  whaterer  class  they  belong,  is  more  or 
less  aberrant. 

In  the  Taeniada  or  tape-worms,  and  in  the  Acanthocephala,  repre- 
sented by  the  echinorhynchus  and  echinococcus,  also  parasites  living  in 
the  interior  of  other  animals,  there  is  no  alimentary  canal,  nutriment 
being  absorbed  by  them  directly,  through  the  integuments,  from  the 
digested  food,  or  from  the  juices  of  the  animal  in  which  they  live.  In  the 
tape- worms,  straight  tubes,  with  transverse  or  even  radiating  branches, 
exist,  which  are  doubtless  concerned  in  the  nutritive  processes,  rather 
as  circulatory  and  respiratory,  than  as  digestive  organs. 

In  the  Echinodermata,  the  alimentary  canal  is  well  developed,  distinct 
from  the  walls  of  the  body,  provided,  in  most  eases,  with  openings  at 
both  extremities,  and  even  supported  by  a mesenteric  fold.  In  the 
Crinoida,  the  stomach  and  intestine  are  situated  in  the  central  part  of 
the  body,  the  latter  opening  at  one  side.  Below  the  complex  masticatory 
apparatus,  elsewhere  described  (p.  128),  the  intestine  of  the  Echinida, 
at  first  narrow,  widens  out,  and  presents  a csecal  dilatation,  beyond 
which  the  intestine  coils  twice  round  within  the  shell,  reversing  its 
direction  in  the  latter  half.  In  the  Star-fishes,  and  also  in  the  Ophiurida, 
the  alimentary  canal  is  very  short,  and  gives  off  two  ramified  diverticula 
into  each  ray  ; the  intestine  opens  by  a minute  orifice  on  the  back ; un- 
digested matters  are  frequently  discharged  by  the  mouth.  In  the  holo- 
thurida,  the  intestine  describes  a zig-zag  course;  the  outlet  is  placed  at 
the  hinder  end  of  the  body. 

Cxhnterata. — In  this  well  defined  aquatic  Sub-kingdom,  there  is  no 
longer  an  alimentary  canal,  separate  from  the  walls  of  the  body,  and  pro- 
vided with  an  oral  and  anal  aperture.  The  digestive  canal  is  very  short 
and  wide,  and  has  but  one  external  opening,  the  mouth,  which,  however, 
serves  both  for  the  ingestion  of  food,  and  the  egestion  of  residual  matters, 
and  excretions  ; at  its  inner  end,  the  digestive  canal  opens  widely  into 
the  general  cavity  of  the  bodj’.  From  this  latter,  numerous  canaliculi 
are  prolonged,  in  the  medusse,  into  the  disc,  some  of  them  opening  by 
pores  in  its  margins.  In  certain  ctenophorous  forms,  as  in  beroe,  cydippe, 
and  csestum,  the  body  cavity  also  opens,  by  one  or  two  orifices  or  pores, 
at  a point  opposite  to  the  oral  aperture,  but  these  are  not  intestinal  or 
anal  openings. 

In  the  Actinozoa,  the  digestive  canal  projects  a certain  distance 
into  the  body  cavity,  which  forms,  outside  that  canal,  the  perivisceral 
cavity.  In  the  Hydrozoa,  the  digestive  canal  becomes  continuous,  by  a 
very  wide  opening,  with  the  bodj^  cavity,  without  any  portion  of  it  pro- 
jecting into  that  chamber;  hence  there  is  no  surrounding  or  perivisceral 
chamber,  and  the  outer  surface  of  the  continuous  digestive  and  body 
cavities,  are  both  in  contact  with  the  water.  The  hydra  maybe  inverted, 
like  the  finger  of  a glove,  and  its  outer  surface,  now  become  internal, 
will  digest  its  food  equally  well. 

In  the  compound  Hydrozoa,  the  lower  end  of  the  body  cavity  of  each 
polyp  communicates,  by  a tubular  process,  with  a common  channel  ex- 
tending through  the  entire  stem,  a circulation  of  fluid,  often  containing 
granular  particles,  taking  place  through  the  whole  colony.  In  the  com- 
pound Actinozoa,  the  digestive  cavities  of  the  individual  animals  also 


THE  LITER  IN  ANIMALS. 


U:5 


open  into  a chamber  in  the  common  fleshy  basis,  the  aperture  being 
radiate  in  shape,  and  capable  of  being  closed  by  muscular  contraction. 

Protozoa. — Of  these,  the  higher  Infusoria  alone  possess  any  represent- 
ative of  an  alimentary  canal.  In  the  paramecium,  for  example,  a de- 
pression exists  on  the  surface  of  the  body,  bordered  by  cilia,  and  leading 
to  an  aperture  called  the  mouth,  from  which  a short  blind  tube,  named 
the  gullet,  dips  into  the  sarcodous  body.  This  is  the  last  imperfect 
trace  of  a digestive  canal,  seen  in  the  Animal  Kingdom.  Temporary 
cavities,  formed  by  movements  in  the  sarcode,  into  which  food,  or 
colouring  matters  may  penetrate,  appear  like  stomachs,  whence  the  name 
poli/c/astric  applied  to  some  of  those  microscopic  creatures ; but  as  these 
cavities  may  be  seen  slowly  to  move  within  the  sarcode,  up  one  side, 
and  down  the  other,  they  are  no  longer  regarded  as  stomachs.  The 
undigested  food,  after  thus  circulating  through  the  sarcode,  is  expelled 
at  a particular  point,  either  near  the  mouth,  or  near  the  hinder  end  of 
the  body,  which  point  is  only  then  recognisable. 

In  the  Sponges,  Ehizopods,  and  Gregarinida,  no  trace  of  an  alimentary 
canal  exists.  The  system  of  canals  with  ineurrent  and  excurrent  aper- 
tures, seen  in  the  Spongida,  is  not  digestive  more  than  it  is  respiratory 
or  reproductive,  but  depends  on  the  plan  of  construction  of  Sponges, 
which  are  composed  of  an  open  framework,  supporting  aggregations  of 
astomatous  amoebiform  masses  of  sarcode,  each  of  which  directly  assimi- 
lates food.  In  the  solitary  amceba,  and  its  allies,  the  proteiform  con- 
tractile sarcode  applies  itself  to  nutrient  substances,  and  completely 
encloses  them  ; digestion  and  assimilation  take  place  within  it,  and 
the  undigested  portions  are  extruded  at  some  indifferent  point.  The 
Ehizopods  are  nourished  in  a similar  manner.  The  microscopic  parasitic 
Gregarinida,  appear  like  the  tsenia  and  echinococci,  to  imbibe  nutrient 
matter  directly  by  their  surfiice,  from  the  fluids  of  the  intestine,  peri- 
visceral cavity,  or  other  chambers  or  tissues  of  the  animal,  in  which  they 
live. 


The  Ahdomiiial  Digestive  Glands. 

Gastric  Glands. — Gastric  tubuli  exist  in  the  secreting  portion  of  the 
stomachs  of  all  the  A^'ertebrata,  becoming  short  and  simple  in  the  frogs 
and  fishes.  In  the  higher  Mollusca  and  Annulosa,  as  in  the  Cephalopods, 
Pteropods,  and  perfect  Insects,  the  stomach  also  has  numerous  follicles, 
probably  analogous  to  gastric  tubuli ; but  in  the  lower  Mollusca  and 
Annulosa,  and  in  the  Molluscoida  and  Annuloida,  the  walls  of  the  gastric 
cavities  are  often  destitute  of  distinct  glands.  This  is  the  case  also 
with  the  walls  of  the  digestive  canal  in  the  Coelenterata. 

Liver. — This  important  organ,  or  some  representative  of  it,  is  more 
widely  distributed  amongst  animals  than  any  other  secreting  or  excret- 
ing gland.  It  is  present  as  a well-defined  organ,  not  only  in  all  the 
Vertebrata,  the  amphioxus  only  excepted,  but  also  in  all  the  Mollusca 
and  Molluscoida,  and  is  represented  in  the  Annulosa  by  tubular  csea  or 
follicles,  which  are  found  even  in  the  Annelida,  and  likewise  in  the 
Eotifera  and  Echinodermata  amongst  the  Annuloida.  No  correspond- 
ing part,  however,  exists  in  those  Annuloida  which  are  destitute  of  a 
distinct  alimentary  canal,  such  as  the  Trematoda,  Taeniada.  and  Acan- 
thocephala,  nor  yet  in  the  Ccelenterata,  much  less  in  the  Protozoa. 
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Amongst  the  Vertebrata,  the  liver,  proportionally  to  the  body,  becomes 
progressively  larger  in  passing  from  the  Mammal  to  the  Fish.  Its 
general  form  corresponds  with  that  of  the  abdominal  cavity ; thus,  it  is 
broad  in  the  apes  and  the  Carnivora,  longer  in  the  larger  Euminant  and 
long-bodied  animals  ; of  moderate  length  in  Birds ; broader  in  the  com- 
paratively short  Chelonia  and  Sauria,  but  long  in  the  elongated  Ophidia  ; 
broad  and  short  in  the  frogs  and  toads,  but  long  in  the  newts  ; stretch- 
ing widely  into  the  abdomen  of  the  broad-shaped  skates  and  rays,  but 
lengthened  out  in  the  eel.  Its  position  is  usually  symmetrical,  but  in 
the  Mammalia  with  large  compound  stomachs,  it  is  placed  more  towards 
the  right  side,  as  is  also  the  case  in  the  anthropoid  apes  ; in  Fishes, 
generally,  it  lies  more  on  the  left  side  of  the  body.  In  Birds,  in  which 
the  diaphragm  is  complete,  the  liver  is  notched  for  the  reception  of  the 
heart  and  pericardium ; in  Eeptiles,  Amphibia,  and  Fishes,  which  have  no 
diaphragm,  the  liver  also  reaches  up  to  the  pericardium,  except  when  the 
body  is  very  long,  as  in  the  serpents  and  eels. 

The  liver  in  the  Mammalia  general!}',  is  nearly  simple,  its  lobes  being 
only  slightly  marked.  In  the  Ruminants,  it  is  subdivided  into  three 
lobes ; in  the  Eodentia  and  Carnivora,  there  are  from  three  to  five  lobes, 
viz.  a central  one,  and  one  or  two  on  each  side  ; sometimes,  it  is  further 
subdivided  into  small  and  irregular  secondary  lobules.  In  the  llama, 
amongst  Ruminants,  the  under  surface,  and  in  the  capromys,  a Rodent  ani- 
mal, the  whole  surface,  is  divided  by  deep  fissures  into  angular  masses, 
resembling  those  of  the  kidneys  of  the  bear.  In  Birds,  the  lobes  are  two, 
and  symmetrical ; in  Eeptiles  and  Amphibia,  the  lobes  are  also  generally 
two,  but  the  liver  is  undivided  in  the  Ophidia;  in  Fishes,  the  liver  is  often 
more  subdivided.  The  microscopic  structure  of  this  gland,  in  all  the 
Vertebrata,  resembles  that  of  the  human  liver.  In  the  curious  amphioxus, 
a long  ctecal  appendage  from  the  intestinal  canal,  having  a layer  of 
greenish  cells  lining  its  interior,  is  regarded  as  a rudimentary  liver,  no 
distinct  organ  otherwise  existing. 

In  the  Mollusca,  the  liver  is  a large,  symmetrical,  solid,  and  lobulated 
organ,  having  two  ducts.  Its  great  development  in  these  animals,  and 
also,  it  may  be  added,  in  the  cold-blooded  Vertebrata,  may  be  connected 
with  the  function  of  storing  up  fatty  matter,  as  the  adipose  tissue  does 
in  the  higher  Mammalia.  The  nucleated  hep.atic  cells  in  the  Non- 
vertebrate animals,  and  also  in  the  cold-blooded  Vertebrata,  contain 
much  more  simple  oleaginous  matter  than  they  do  in  the  warm-blooded 
Vertebrata,  in  which  latter,  the  proper  biliary  fatty  acids  chiefly  occupy  the 
cells ; in  Birds,  the  cells  contain  less  ordinary  fat  than  in  Mammals. 
Sometimes,  as  in  the  Cephalopods  and  Lamellibranchiata.  the  liver  is 
subdivided  into  minute  lobules,  composed  of  branching  ducts,  ending  in 
dilatations.  In  the  Gasteropods,  the  ramified  ducts  and  terminal 
follicles  are  more  distinct,  so  as  to  form  a loose  compound  racemose 
gland.  The  chief  ducts  are  ciliated  internally. 

Amongst  the  Molluscoida,  the  Brachiopoda  have  a large,  minutely 
lobulated  liver,  composed  of  ramified  tubuh.  As  some  of  the  earliest 
fossils  yet  discovered  belong  to  this  Class,  a hepatic  organ  yielding 
bile,  and,  therefore,  digestive  processes  corresponding  with  those 
known  to  us  in  the  present  day,  must  have  existed  in  most  remote 
periods  of  the  earth's  history.  In  the  Ascidioida,  the  liver  presents 
interesting  gradations ; for,  in  different  cases,  it  may  consist  of  a small 
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gland,  a cluster  of  follicles,  a single  follicle,  or  simple  laeunse  or  laminae 
on  the  inner  side  of  the  intestine ; it  is  represented  only  by  a yellowish, 
orange-coloured,  or  brownish  glandular  spot,  on  the  hepatic  portion  of  the 
walls  of  the  intestine.  In  the  Polyzoa,  the  sides  of  the  intestine  below  the 
stomach,  are  marked  with  brown  hepatic  tubes,  follicles,  or  spots. 

Amongst  the  Annulosa,  the  Crustacean  liver  is  of  a yellowish  colour, 
large,  and  complex.  In  some  kinds,  as  in  squilla,  it  is  symmetrical, 
lobulated,  and  sublobulated,  each  sublobule  consisting  of  clusters  of 
round  follicles  connected  with  a central  duct.  In  the  crabs  and  lobsters, 
the  follicles  of  the  liver  are  innumerable,  much  branched,  and  separated 
from  each  other.  In  the  river  crab,  the  follicles  are  less  ramified.  In 
the  lowest  Crustaceans,  such  as  the  parasitic  argulus,  the  hepatic  follicles 
are  still  more  simple,  or  this  organ  consists  only  of  a mass  of  nucleated 
cells. 

In  the  highest  Insects,  and  in  the  Myriapods,  the  liver  is  represented 
by  hepatic  tubuli,  connected  with  the  intestine  ; these  are  short  and 
numerous  in  dytiseus,  only  two,  but  elongated,  in  blaps,  or  even  single,  as 
in  the  grasshoppers ; sometimes  they  are  mere  vesicles.  In  no  case  is 
the  liver  massive,  but  always  tubular.  In  the  Spiders,  the  hepatic 
follicles  are  either  short  and  simple,  or  they  end  in  compact  clusters 
of  vesicles.  In  the  Annelids,  the  liver  is  represented  by  gland  cells, 
situated  either  in  ramified  tubes,  as  in  Arenicola,  or  in  tubuli  ending 
in  an  oval  sac,  as  in  Aphrodita,  or  in  numerous  follicles,  as  in  the  leech. 

Amongst  the  Annuloida,  a single  long  follicle  in  the  Trematode 
worms,  represents  the  simplest  form  of  rudimentary  liver ; in  the 
parasitic  Taeniada  and  Echinococci,  the  liver,  as  indeed  the  intestine 
itself,  is  unrepresented.  In  certain  Echinodermata,  as  in  asterias, 
coloured  cells  are  found  in  the  walls  of  the  radiating  prolongations  of 
the  gastric  cavity,  which  perhaps  secrete  biliary  matter." 

In  the  Coslenterata,  no  separate  hepatic  organ  exists  in  connection 
with  the  simple  digestive  cavity  ; but  the  walls  of  this,  as  in  velella, 
sometimes  present  a mass  of  gland  cells,  which  may  form  bile.  No  such 
product  has  yet  been  found  in  any  part  of  the  unicellular  Protozoa. 

Blood-Vessels  of  the  Liver. — In  all  the  Vertebrata,  the  liver  receives 
blood  both  from  the  hepatic  artery  and  the  portal  vein.  In  the  Mam- 
malia, this  vein,  as  in  Man,  has  only  a few  communications  with  the 
lumbar  and  pelvic  systemic  veins.  In  Birds  and  Eeptiles,  the  connection 
between  the  pelvic  and  portal  veins  is  such,  that  a part  of  the  blood  from 
the  lower  extremities,  and  from  the  tail,  joins  the  portal  blood,  and  passes 
into  the  liver.  In  Fishes,  the  caudal  veins,  and  sometimes  those  from  the 
reproductive  organs  and  the  air-bladder,  are  connected  with  the  portal 
system.  In  the  Mollusca,  the  liver  is  supplied  solely  with  arterial 
blood ; the  same  is  the  case  also  in  the  Annulosa  and  Crustacea,  indeed, 
.in  all  Non-vertebrated  animals  which  have  blood-vessels. 

Gall-Bladder. — In  Mammalia,  a gall-bladder  is  sometimes  present,  and 
sometimes  absent.  Amongst  the  herbivorous  kinds,  it  is  present  in  nearly 
all  Euminants,  as  in  oxen,  sheep,  goats,  and  antelopes,  but  not  in  the 
camels  and  stags.  It  is  also  absent  in  Solipeds  and  in  most  Pachyder- 
mata,  as  in  the  horse,  tapir,  peccary,  and  elephant,  but  not  in  the  pig. 
In  the  elephant,  the  hepatic  duct  is  dilated  and  thickened,  and  has  a 
spiral  fold  within.  The  gall-bladder  is  wanting,  in  the  mice  and  ham- 
sters, amongst  Eodentia ; also  in  the  sloths,  amongst  the  Edentata,  and 
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in  the  true  Cetacea.  In  the  carnivorous  and  insectivorous  kinds,  tiie 
gall-bladder  is  present.  In  the  cat  and  a few  other  animals.it  is  some- 
times double.  When  the  gall-bladder  is  present,  a cystic,  hepatic,  and 
common  bile-duct  exist. 

In  Birds,  the  gall-bladder  is  generally  present,  but  is  wanting  in  cer- 
tain species  of  a particular  genus,  without  obvious  relation  to  its  habits 
or  food ; it  is  absent  in  the  ostrich,  pigeons,  toucans,  and  many  parrots. 
Proceeding  from  the  liver,  in  Birds,  are  two  ducts,  one  hepatic,  to  the 
duodenum,  the  other  to  the  gall-bladder,  from  which  a cystic  duct  runs 
on  to  the  duodenum  ; there  is,  therefore,  no  common  bile-duct.  When 
the  gall-bladder  is  wanting,  the  two  hepatic  ducts  open  separately  into 
the  intestine. 

In  Keptiles,  a gall-bladder  always  exists,  but  it  varies  in  form.  It  is 
placed  at  a distance  from  the  liver  and  has  a long  cystic  duct,  in  the 
Ophidians  ; but  it  is  imbedded  in  the  substance  of  that  gland  in  the 
Chelonians.  There  either  is  a common  bile-duct,  or  the  cystic  and 
hepatic  ducts  open  separately  into  the  duodenum. 

The  gall-bladder  invariably  exists  in  Amphibia. 

In  Fishes,  this  receptacle  is  usually  present,  though  it  is  absent  in 
many  genera,  being  then  replaced  bj'  a dilatation  upon  one  of  the 
hepatic  ducts,  which  are  here  usually  numerous. 

In  the  Mollusca  and  Alolluscoida,  in  which  the  liver  is  massive,  no 
gall-bladder  is  found  ; nor  could  such  a receptacle  exist  in  connection 
with  the  hepatic  tubuli  of  the  Annulosa  and  Annuloida. 

Pancreas. — This  gland,  or  some  representative  of  it,  is  present  only 
in  the  Yertebrata,  and  in  the  higher  Mollusca.  It  is  not  so  widely  dis- 
tributed amongst  animals  as  the  liver  ; and,  moreover,  it  much  sooner 
assumes  a rudimentary  form,  in  the  descending  series,  viz.  in  the  Fishes. 

In  Mammalia,  Birds,  and  Reptiles,  the  pancreas  occupies  the  concavity 
of  the  constantly  present  curvatm-e  of  the  duodenum.  In  iMammalia, 
when  the  duodenal  mesentery  is  short  or  absent,  as  in  the  Quadruniana, 
Carnivora,  Ruminants,  and  Solipeds,  the  pancreas  is  compact  and  elon- 
gated, with  a portion  extending  towards  the  spleen,  so  that  it  may  seem 
bilobed,  as  in  Carnivora  and  Ruminantia,  or  even  trilobed.  as  in  the  horse, 
the  splenic  portion  being  double ; when,  however,  the  duodenum  has  a 
wide  mesentery,  as  in  Rodentia,  the  pancreas  forms  an  arborescent  mass 
between  the  two  layers  of  the  mesentery,  as  seen  in  the  rabbit  and  rat. 

The  typical  number  of  pancreatic  ducts,  in  the  ^lammalia,  appears  to 
be  two,  as  indeed  is  the  case  in  the  early  condition  in  Man,  the  upper 
and  larger  duct  alone  persisting.  In  the  horse  and  dog,  there  are  also 
two  ducts,  the  lower  one  being  the  larger ; in  the  dog,  this  latter  opens 
separately  into  the  duodenum,  but  the  upper  one  enters  it  close  to  the 
bile-duct.  In  the  lion,  two  ducts  join  the  bile-duct,  and  enter  the 
duodenum  by  a common  orifice.  In  the  rabbit,  the  upper  duet  is  very, 
minute,  and  the  chief  duct  opens  from  9 to  12  inches  below  the  pylorus. 
In  all  cases,  however,  the  jiancreatic  fluid  is  discharged  into  the  duo- 
denum, In  certain  Carnivora,  as  in  the  seal,  and  sometimes  in  the  cat. 
the  chief  duct  dilates  into  a reservoir,  previously  to  entering  the  in- 
testine. 

In  Birds,  the  pancreas  is  proportionally  larger  than  in  other  Verte- 
brata,  in  part,  perhaps,  owing  to  the  deficiencies  in  the  salivary  glands. 
It  usually  consists  of  from  two  to  six  elongated  portions,  attached,  as 
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usual,  to  the  much,  bent  duodenum.  Each  portion  of  the  gland  has  a 
duct,  generally  opening  separately  into  the  intestine.  There  are  six  ducts 
in  the  vulture,  fowl,  heron,  and  grebe,  three  in  the  crow,  pigeon, 
grouse,  and  duck,  but  only  one  in  the  eagle,  quail,  ostrich,  and  stork. 
In  the  stork  alone,  the  single  pancreatic  duct  opens,  by  a common  orifice, 
with  a single  hepatic  duct.  Usually,  one  at  least  of  the  pancreatic  ducts, 
in  Birds,  opens  above  the  bile-duct,  but  this  is  not  constant;  when 
several  pancreatic  ducts  exist,  they  usually  open  alternately  with  other 
hepatic  or  cystic  ducts  ; the  cystic  duct  generally  opens  lowest.  The 
bile  and  pancreatic  juice  must  be  speedily,  and  almost  simultaneously, 
mixed  with  the  food.  In  the  ostrich,  however,  these  secretions  are 
mixed  with  the  food  at  some  distance  apart,  the  bile  esciiping  through 
the  single  hepatic  duct,  close  to  the  pylorus,  and  the  pancreatic  juice 
also  by  a single  duct,  3 feet  lower  down. 

In  Reptiles,  the  pancreas  is  usually  large.  It  is  larger  in  the  herbi- 
vorous than  in  the  carnivorous  Saurians,  being  largest  in  the  iguanas.  In 
the  Chelonians,  this  gland  is  even  ramified,  as  it  is  in  the  Rodents.  In 
the  Ophidians,  it  is  either  long  and  bifid,  pyramidal,  or  roimd.  The 
duct  is  nearly  always  single,  and  generally  enters  the  duodenum  sepa- 
rately, but  sometimes  with  the  bile-duct.  In  the  Serpents,  the  pancreas 
is  joined  to  the  spleen,  and  has  even  been  confounded  with  it. 

In  the  Amphibia,  the  pancreas  is  found  in  the  mesentery,  between  the 
stomach  and  duodenum  ; it  is  smallest  in  the  purely  aquatic  species,  such 
as  the  tritons.  In  the  frog,  the  bile-duct  perforates  the  pancreas,  and,  it 
is  believed,  receives  small  pancreatic  ducts  in  its  course.  In  the  lowest 
Amphibia,  as  in  the  siren,  the  pancreas  is  much  subdivided,  so  as  to 
approximate  to  the  form  of  the  pyloric  appendages  in  the  Fishes ; its 
ducts  are  no  longer  united  into  one,  or  into  a few  principal  trunks,  but 
form  numerous  parallel  canals,  opening  separately  into  the  duodenum. 

In  many  Fishes,  there  are  found,  opening  into  the  duodenum,  near  the 
pylorus,  certain  simple  tubular  or  ramified  follicular  prolongations  of  the 
coats  of  the  intestine,  lined  by  a glandular  membrane,  named  the  pyloric 
append agis.  The  food  does  not  enter  them,  and,  from  their  position  and 
glandular  character,  they  have  usually  been  regarded  as  the  homologues 
of  the  pancreas,  but  they  are  somewhat  anomalous  organs.  In  the 
sturgeon,  these  appendages  are  so  numerous  as  not  to  have  been  counted; 
the  cod  and  whiting  have  about  120,  the  salmon  60,  averaging  6F 
inches  in  length,  the  sprat  9,  the  perch  3,  the  turbot  2,  and  the  ammodytes 
and  polypterus  only^  1.  They  are  entirely  absent  in  many  Orders. 
When  few  in  number,  they  open  separately  into  the  intestine  ; but  when 
numerous,  they  combine  into  clusters,  each  opening  by  a single  orifice. 
Thus,  50  caeca,  in  the  pilchard,  open  by  30,  and  in  the  tunny  by 
only  5 orifices ; in  the  swordfish,  there  are  only  two  openings,  and,  in 
the  sturgeon,  the  multitudinous  caeca  open  by  a single  short  duct.  They 
are  largest  and  most  numerous  in  fishes  of  active  digestion  and  rapid 
growth,  and,  on  the  w’hole,  most  developed  in  the  more  voracious  tribes. 
They  are  more  commonly  few  and  large  in  the  Osseous  fishes,  whilst  in 
the  Cartilaginous  group  they  are  usually  smaller  and  numerous.  AVhen 
absent,  the  mucous  membrane  of  the  intestine  below  the  pylorus,  is, 
sometimes,  as  in  the  eel,  thick,  vascular,  and  glandular,  and  yields,  on 
pressure,  a copious  secretion. 

The  pyloric  appendages  are  eertainl}-  glandular  organs  and  not  in- 
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testinal  diverticula,  intended  for  purposes  of  absorption  ; but  it  has  been 
suggested  that  they  are  special  glands,  and  that  the  true  representative 
of  the  pancreas  in  Fishes,  is  a small  gland  sometimes  found  attached  to 
the  liver.  Such  an  organ  exists  in  the  carp,  pike,  silurus,  sturgeon,  and 
ray,  in  whicli  fish  it  is  large  and  has  a duct  opening  near  the  bile-ducts, 
and  in  many  other  species.  In  some  instances,  it  would  seem  to  be  a 
detached  portion  of  the  liver,  but  in  other  cases,  its  pancreatic  structure 
is  undeniable.  Certain  fish,  as,  for  example,  the  trout,  possess  this 
organ  as  well  as  the  pyloric  appendages  ; in  others,  it  is  very  small ; in 
some,  it  is  not  found,  but  may  then  be  represented  by  glandular  structures 
in  the  walls  of  the  intestine.  Bernard,  who  doubts  the  pancreatic  cha- 
racter of  the  pyloric  appendages,  asserting  that  their  secretion  is  acid 
and  viscid,  like  the  intestinal  juice,  and  not  alkaline  and  diffluent,  like  the 
pancreatic  juice,  states  that  a watery  emulsion  of  the  proper  pancreas  of 
the  ray,  converts  starch  into  sugar,  and  decomposes  fatty  matters  into 
their  proper  fatty  acids  and  glycerin,  like  the  secretion  or  substance  of 
the  pancreas  of  the  higher  Vertebrata. 

In  certain  Cephalopods,  a laminated  and  folliculated  sac,  connected 
with  the  two  hepatic  ducts,  in  other  Cephalopods,  a spiral  -appendage, 
and,  in  many  Branchio-gasteropods,  as  in  aplysia  and  doris,  a long 
caecal  glandular  tube,  which  communicates  with  the  intestinal  canal 
below  the  stomach,  may  represent  a molluscan  pancreas. 

In  the  Annulosa,  the  Insects  and  some  others,  have  tubuli,  connected 
with  the  upper  part  of  the  intestines,  which  may  be  pancreatic.  Similar 
rudimentary  parts  exist  in  the  Eotifera,  amongst  the  Annuloida.  In 
cases  in  which  such  tubuli  are  not  present,  gland  cells  are  sometimes 
found  in  patches  upon  the  lining  membrane  of  the  intestine.  Sometimes 
even  these  are  not  distinguishable. 

Intestinal  Glands. — In  all  the  Vertebrata,  besides  structures  resem- 
bling the  closed  sacs  of  the  solitarj-  and  agminated  glands,  the  intestinal 
tubuli  or  crypts  of  Lieberkiihn  exist.  In  Mammalia  and  Birds,  and 
probably  in  Eeptiles,  Amphibia,  and  the  higher  Fishes,  racemose  mucous 
glands  are  found  in  the  duodenum. 

The  tubvdar  or  saccular  appendages,  the  short  cteca,  or  the  minute 
patches  of  glandular  epithelial  cells,  distinguished  by  their  colour  and 
contents,  which  are  found  in  the  Molluscous,  Ann\dose.  and  lower  allied 
forms,  are  probably  not  representatives  of  the  intestinal  tubuli  in  the 
higher  animals,  but  rather  of  the  liver  and  pancreas.  Indeed,  the  in- 
testinal canal  is  itself  so  minute  in  many  of  these  lower  animals,  that 
its  lining  membrane  is  almost  of  necessity  simple,  smooth,  and  covered 
throughout  with  a delicate  epithelium  only. 

The  Chemiccd  Processes  of  Digestion  in  A nimals. 

In  studying  the  action  of  the  digestive  fluids,  physiologists  have  em- 
ployed not  only  the  human  secretions,  but  also,  and  sometimes  exclu- 
sively, those  collected  from  fistulae  in  animals,  and  likewise  artificial 
fluids  made  by  macerating  the  glands  in  water.  The  properties  of  these 
several  secretions  having  been  established  experimentally,  in  regard  to 
certain  vertebrate  animals,  it  is  reasonable  to  conclude  that,  wherever 
these  particular  glands  exist,  the  respective  secretions  possess  similar,  if 
not  identical,  propierties. 
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The  saliva  is  most  aLundant  in  herbivorous  and  granivorous  animals, 
in  which  the  quantity  of  food  to  be  moistened  is  greater,  and  the  special 
action  of  this  fluid  on  starchy  matter  is  most  required  ; in  carnivorous 
and  insectivorous  creatures,  this  action  is  not  necessary,  and  the  secretion 
is  less  plentiful,  being  used  rather  for  purposes  of  lubrication  ; or,  as  in 
Fishes,  it  may  even  be  wanting.  Nevertheless,  the  saliva  of  the  dog, 
taken  from  the  mouth,  converts  stkrch  into  sugar,  though  somewhat 
slowly.  It  is  said,  however,  that  the  secretions  of  the  parotid  and  sub- 
maxillary glands  in  tlie  dog,  and  even  of  the  parotid  only,  in  the  horse, 
are  by  themselves,  and  unmixed  with  the  mucus  of  the  mouth,  incapable 
of  effecting  this  transformation. 

In  those  Mollusca,  Annulosa,  and  Annuloida,  in  which,  as  in  Cepha- 
lopoda, Insecta,  Myriapoda,  and  Kotifera,  glands,  called  salivary,  exist, 
the  exact  properties  of  the  secretion,  and  its  chemical  action  on  the  food, 
have  not  yet  been  determined ; but  it  is  usual  to  regard  those  glands, 
whether  tubular  or  follicular,  which  open  into  the  upper  part  of  the  ali- 
mentary canal,  as  salivary  glands.  On  similar  grounds,  gland  structures 
opening  into  the  stomach  are  considered  as  gastric  glands  ; those  con- 
nected with  the  upper  part  of  the  intestine,  as  hepatic,  or  hepatic  and 
pancreatic;  and,  lastly,  those  emptying  themselves  into  the  lower  part  of 
the  intestine,  as  excretory,  and  probably  renal. 

As  albuminoid  substances  are  essential  to  the  formation  of  all  animal 
tissues,  the  gastric  juice,  which  acts  upon  them,  would  appear  to  be 
likewise  an  essential  solvent  in  the  digestive  function  of  every  animal. 
Hence,  it  is  probably  present  in  all  animals,  certainly  in  the  lowest 
which  posses  a stomach,  and  even  in  the  Coelenterata.  When  no  distinct 
gastric  tubuli  exist,  the  peptic  agent  is  secreted  bj'  the  cells  of  the 
lining  membrane  of  the  digestive  cavity. 

The  stomachs  of  Fishes,  after  death,  are  often  rapidly  digested  by  their 
own  gastric  juice  ; whereas  this  occurrence  is  much  less  frequent  in 
Man  and  Mammalia.  This  has  been  referred  to  the  small  difference  of 
temperature  which  takes  place  after  death,  in  a fish,  as  compared  with 
a warm-blooded  animal.  The  gastric  juice  of  fishes  habitually  acts  at 
a low  temperature;  whilst  that  of  the  warm-blooded  animal  operates 
at  a much  higher  temperature.  It  is  said  that  the  gastric  juice  of  fishes 
loses  its  pejitio  properties  at  the  ordinary  temperature  of  a warm- 
blooded animal,  and  inversely,  that  the  gastric  juice  of  the  warm-blooded 
animal  acts  slowly,  or  not  at  all,  at  the  tempierature  of  the  fish  ; and, 
moreover,  that  the  solvent  powers  of  the  gastric  juice  of  a Mammal  are 
not  lost,  until  it  has  been  heated  to  120°;  whilst  in  the  case  of  the  fish, 
they  are  lost  at  80°  (Brinton).  If  this  be  confirmed,  it  shows  a remark- 
able modification  of  the  properties  of  the  same  secretion,  in  different 
animals  having  particular  conditions  of  existence.  It  would  be  interest- 
ing to  note  whether  post-mortem  digestion  of  the  gastric  cavity  of  the 
non-vertebrated  animals  ever  takes  place. 

From  its  peculiar  colour,  the  hile  can  be  easily  recognised.  It  may  thus 
be  detected  in  those  Annulose  and  Annuloid  animals,  even  in  the  minute 
Rotifera,  in  which  the  liver  is  not  massive,  as  it  is  in  the  Tertebrata, 
Mollusca,  and  higher  Molluscoida,  being  represented  only  by  hepatic 
tubuli ; coloured  secretions  are  also  detected  in  the  gland  cells  of  still 
lower  animals.  The  office  of  the  bile  must  be  similar  in  all  animals  in 
which  it  is  found. 
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Tlie  peculiar  property  of  the  pancreatic  j2iice,  that  of  emulsifyinff  and 
decomposing  fat,  has  been  sho'wn  by  Bernard,  to  exist  not  onl)'  in  Mam- 
malia, but  also  in  Birds,  Eeptiles,  Amphibia,  and  Fishes,  as,  for  example, 
in  the  goose,  turtle,  frog,  salamander,  and  ray.  Moreover,  he  asserts 
that,  when  the  pure  saliva,  in  any  animal,  is  incapable  of  converting 
starch  into  sugar,  the  pancreatic  fluid  possesses  this  property. 

The  action  of  the  intestinal  juice  upon  food,  has  been  shown  to  be  in  the 
liigher  animals,  as  in  Man,  supplementary  to  that  of  the  other  secretions. 
In  the  lower  animal  forms,  in  which  the  intestinal  tubuli  come  to  repre- 
sent important  glands,  an  analogous  blending  of  function  maj’  prevail. 

The  organic  food  of  all  animals,  whether  derived  from  other  animals 
or  from*  plants,  consists  of  similar  proximate  chemical  substances;  and 
the  solution  of  these  is  probably  accomplished,  in  all  cases,  by  pro- 
cesses of  a similar  nature.  But  our  knowledge  of  the  specific  chemical 
differences,  and  modes  of  action,  of  the  digestive  fluids  in  different  ani- 
mals, is  yet  imperfect.  In  the  Mammalia,  and  perhaps  in  all  Vertebrata, 
the  composition  and  action  of  the  fluids  resemble  those  observed  in  man. 
The  gastric  juice  of  the  herbivorous  sheep  and  calf  dissolves  animal  food, 
as  readily  as  that  of  the  omnivorous  pig  and  carnivorous  dog.  But  many 
modifications,  j'et  undiscriminated  by  the  chemist,  doubtless  exist,  as 
illu.strated  by  the  ascertained  varieties  in  the  acids  of  the  gastric  juice 
and  the  bile,  in  certain  Mammalia  and  Birds  (pp.  65,  77).  titill  more 
important  differences  in  composition  and  power  may  exist,  especially  in 
the  lower  tribes,  in  some  or  all  of  the  digestive  secretions,  adapting 
them  to  the  solution  of  substances,  ordinarily  indigestible.  Thus  cel- 
lulose, lignin,  and  even  resinoid  bodies  from  the  vegetable  kingdom,  and 
yellow  elastic  tissue,  cartilage,  and  the  horny,  chitinous,  and  coriaceous 
integuments  from  the  animal  kingdom,  are  eaten  and  probably  partially 
digested  by  certain  insects  and  other  creatures,  though  usually  those 
substances  resist  digestion. 

In  the  complex  alimentarj’  canal  and  glandular  appendages  of  the 
Vertebrata.  Mollusca,  and  Annulosa,  in  the  more  simple  dige.-tive  system 
of  a polyzoon,  or  of  a rotiferous  animalcule,  and  even  in  the  digestive 
cavity  of  the  hydra,  with  its  single  external  opening,  its  communication 
with  the  cavity  of  the  body,  and  its  want  of  distinct  glandular  appen- 
dages, the  digestive  secretions  are  always  produced  by  glandular  epi- 
thelial cells,  whence  they  are  discharged  into  the  alimentary  canal,  at 
suitable  points,  to  act  upon  the  food.  In  the  absence  of  massive  or 
tubular  glands,  or  of  clusters  of  special  cells,  it  is  even  possible  that 
adjacent  cells,  nearly  or  quite  similar  under  the  microscope,  may  per- 
form the  office  of  different  glands.  Digestion,  in  the  hydra,  may  be  as 
complex  a process,  regard  being  had  to  the  chemical  composition  of  its 
food,  as  in  the  highest  Vertebrata.  So  long,  indeed,  as  we  recognise  in 
any  animal  a distinct  digestive  cavity,  we  may  reasonably  infer  the 
occim-ence  of  a digestive  process,  rendering  different  nutrient  substances 
soluble  and  absorbable.  The  starchy,  albuminoid,  fittty,  and  the  less 
digestible  substances  used  as  food,  must  require  their  peculiar  trans- 
muting, liquefying,  or  emttlsifying  solvents,  produced  in  infinitesimal 
quantity,  but  acting  with  characteristic  power.  It  is  observable,  how- 
ever, that  of  these  fluids,  the  peptic  and  emulsifying  agents  are  the 
most  essential,  specific,  and  universal ; for  in  the  cold-blooded  aquatic 
animals,  whether  vertebrate  or  non-vertebrate,  such  as  the  voracious 
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Fishes,  and  tlie  carnivorous  Mollusca  and  Coel'enterata,  there  is  little  or 
no  necessity  for  a salivary  fluid  capable  of  transmuting  starch  ; whilst 
even  in  the  lowest  animals,  fatty  and  albuminoid  substances  are  essential 
constituents  alike  of  the  bodies  and  of  the  food.  The  low  temperature 
of  these  animals,  and  the  higher  temperature  of  the.  starch-feeders 
generally,  are  interesting  facts,  in  connection  with  the  heat-producing 
power  of  amylaceous  diet. 

In  the  unicellular  Protozoa,  whether,  as  in  the  Infusoria,  there  exist 
a short  tube  leading  into  their  interior,  or,  as  in  the  Sponges  and  Ehizo- 
pods,  no  digestive  cavity  at  all,  solid  food  must  also  be  dissolved  by 
some  action  of  the  animal,  before  it  is  absorbed;  though  these  uni- 
versally aquatic  creatures  may  be  partly  nourished  by  materials  already 
dissolved  in  the  surrounding  medium. 

In  the  case  of  the  parasitic  Gregarinida,  and  even  of  certain  of  the  an- 
nuloid  Entozoa  found  in  the  alimentary  canal  of  other  animals,  the 
nutrient  substances  absorbed  are  probably  those  which  have,  already  been 
digested,  and  so  prepared  for  absorption  by  the  gastric  and  other  secre- 
tions of  those  animals,  a sort  of  vicarious  digestion  being  here  employed. 
In  those  Entozoa,  however,  which  infest  other  organs  or  tissues,  such 
as  the  air-tubes,  muscles,  brain,  and  interior  of  the  eyeball  or  blood- 
vessels, probably,  little  or  no  digestive  change  of  the  nutrient  materials 
is  required ; the  nutritive  function  consists  merely  of  imbibition  and 
assimilation,  observed  in  the  ultimate  nutritive  processes  in  the  higher 
animals,  and  digestion  is  merged  in  nutritive  absorption. 


ABSORPTION. 

By  the  process  of  digestion,  the  food  is  reduced  to  a com- 
pound alimentary  basis,  composed  of  aqueous,  saline,  extractive, 
mucilaginous,  saccharine,  amylaceous,  oleaginous,  and  albu- 
minous matters,  sometimes  mixed  with  alcoholic,  ethereal,  acid, 
jmngent,  odoriferous,  and  colouring  substances.  The  mate- 
rials of  this  complex  pabulum,  whilst  retained  within  the 
digestive  cavity,  remain,  strictly  speaking,  external  to  the 
living  frame ; but  a process  immediately  ensues,  by  which  they 
are,  sooner  or  later,  taken  up  into,  and  enter,  the  living  tissues ; 
this  is  termed  Absorption.  The  chief  object  of  this  process 
of  the  absorption  of  food,  is  the  introduction  of  new  material, 
for  the  repair  of  the  continuous  Avaste  of  the  living  body. 

Absorption,  hoAvever,  considered  as  a physiological  func- 
tion, consists  of  more  than  the  mere  taking  up  of  nutrient 
materials  from  the  interior  of  an  alimentary  canal,  or  of  a 
simple  digestive  cavity,  or  at  tlie  surface  of  a unicellular 
animal  organism.  It  includes  that  general  process  by  Avhich 
all  external  soluble  substances,  whether  solid,  fluid,  or  gaseous. 
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Fig.  iOO.  General  view  of  the  principal  absorbent  or  lymphatic  vessels  and 
glands.  The  superficial  lymphatics  arc  shown  on  the  head  and  face,  and 
on  the  left  limbs ; the  deep  lymphatics  on  the  right  limbs.  The  lym- 
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beneficial  or  poisonous,  nutrient,  stimulant,  or  respiratory,  are 
introduced  into  the  tissues  of  the  body,  through  any  natural 
or  artificial  surface  Avhatever.  Moreover,  it  comprehends,  in 
part  at  least,  another  process,  by  means  of  which  portions  of 
the  living  tissues  are  themselves  removed,  or  absorbed,  within 
the  body.  The  former  of  these  two  processes  is  sometimes 
named  general  absorption,  and  the  lattei’,  intrinsic  or  interstitial 
absorption.  Intrinsic  absorption  is  essentially  a nutritive 
process.  The  term  extrinsic  may  be  applied  both  to  general 
absorption  and  to  the  absorption  of  food. 


The  Absorbent  Vessels  and  Glands. 

In  Man,  and  the  Yertebrata  general!}’',  two  sets  of  vessels  are 
engaged  in  the  processes  of  absorption,  viz.  first,  certain  blood- 
vessels, especially  the  venous  capillaries,  and  the  smaller  veins ; 
and,  secondly,  the  absorbent  vessels  proper. 

The  absorbents  of  the  body  generally,  which  always  convey 
the  transparent  Ipmph,  and  are  named  the  lymphatics,  com- 
mence, by  networks,  near  the  various  membranous  surfaces, 
and  in  the  interior  of  certain  tissues  and  organs.  Their  num- 
ber, in  any  part,  seems  to  be  proportionate  to  the  quantity  of 
areolar  tissue  which  it  contains,  rather  than  to  the  number  of 
its  bloodvessels,  or  the  activity  of  its  functions ; thus,  lym- 
phatics have  not  been  found  in  the  brain  and  spinal  cord,  and 
only  a few  in  the  muscles ; but  in  the  subcutaneous  areolar 
tissue,  and  in  the  intercellular  spaces,  they  are  very  abundant. 
They  are  numerous  in  the  serous  and  synovial  membranes,  but 
still  more  so  on  the  mrrcous  membranes  and  skin.  The  trunks 
from  the  commencing  lymphatic  networks  (fig.  100 ),  either 
proceed  in  company  with  the  bloodvessels,  thus  forming  the 
deep  lymphatics,  or  else  run  on  the  surface  of  organs,  or  in  the 
subcutaneous  cellular  tissue  of  the  body  and  limbs,  so  forming 
the  superficial  lymphatics.  From  all  parts  of  the  body,  they 


phatic  glands  are  seen  in  the  neck  and  axillae,  at  the  elbow,  in  the 
groins,  pelvis,  and  abdomen;  a part  of  the  small  intestine,  i,  shows  its 
chief  lymphatic  or  lacteal  trunks,  passing  on  to  the  mesentery,  through 
the  mesenteric  glands,  to  the  upper  and  back  part  of  the  abdomen, 
a,  the  chief  trunk  of  the  absorbent  system,  named  the  thoracic  duct, 
commencing  below,  in  a dilatation,  named  the  receptaculum  chyli.  and 
curving  down  in  the  neck  at  c,  to  end  in  the  great  veins  at  the  root  of  the 
neck,  where  the  jugular  and  subclavian  veins  join  to  form  the  left  inno- 
minate vein,  V.  On  the  right  side  of  the  neck,  smaller  lymphatic  trunks 
are  seen  entering  the  great  veins. 
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run  towards  the  root  of  the  neck,  where  they  end  in  the  venous 
system.  More  numerous  than  the  bloodvessels,  they  pursue 
an  irregular  course,  often  unite  and  again  divide,  and  present, 
in  certain  situations,  as  especially  seen  in  young  subjects,  small 
retia  mirah'dia  or  lymphatic  networks,  enclosed  in  a thin  areolar 
investment.  They,  moreover,  pass  through  the  bodies  known 
as  lymphatic  glands,  which  may  be  regarded  as  more  highly 
and  specially  developed  retia  (p.  G6).  Ultimately,  the  lym- 
phatics of  the  lower  limbs,  of  the  lower  half  of  the  trunk,  of 
the  left  side  of  the  head  and  neck,  and  of  the  left  upper  limb, 
join  the  great  trunk  of  the  lymphatic  system,  the  thoracic  duct,  a. 
Those  from  the  right  side  of  the  head  and  neck,  and  right 


Fig.  101. 


Fig.  101.  Superficial  lymphatics  upon  the  heart,  situated  beneath  the 
serous  coat  or  visceral  part  of  the  pericarrlium.  The  figure  also  serves 
to  show  the  shape,  position,  and  subdivisions  of  the  heart.  1,  the  left, 

2,  the  right  auricle ; 3,  the  left,  4,  the  right  ventricle ; 5,  the  descend- 
ing part  of  the  arch  of  the  aorta. 

upper  limb,  unite  to  form  a small  separate  trunk,  named  the 
right  lymphatic  duct.  This  enters  the  venous  system  at  the 
point  of  junction  of  the  right  juguhir  and  subclavian  veins, 
its  orifice  being  guarded  bj'  a double  valve.  A few  separate 
and  smaller  lymphatic  ti'unks  are  also  said  to  enter  the  veins 
of  the  neck  at  different  points.  All  the  organs  of  the  thoracic 
and  abdominal  cavities,  have  superficial  as  well  as  deep  lym- 
phatics belonging  to  them,  figs.  100,  101.  The  lymphatics 
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were  first  described  by  Fallopius  (1561),  but  afterwards  much 
more  fully,  by  liudbeck  and  Bartholin  ; the  thoracic  duct  was 
detected  by  Eustachiiis  (obiit.  1570). 

The  thoracic  duct  (fig.  100  a),  begins  below  by  a dilatation, 
named  the  receptaculum  chi/li,  usually  placed  upon  the  second 
lumbar  vertebra.  From  this  point,  the  duct  ascends,  somewhat 
tortuously,  in  front  of  the  vertebral  column,  into,  and  through, 
the  thorax.  Placed,  at  first,  a little  to  the  right  of  the  aorta,  it 
passes,  opposite  the  third  dorsal  vertebra,  behind  the  arch  of 
that  vessel,  crosses  over  the  oesophagus,  and  ascends  on  its 
left  side  to  the  root  of  the  neck,  c,  where  it  curves  downwards 
and  outwards,  behind  the  great  bloodvessels,  and  finally  opens 
into  the  angle  of  junction  of  the  left  internal  jugular  and 
subclavian  veins,  the  entrance  being  guarded  by  a strong 
double  valr^e.  The  thoracic  duct  measures  from  eighteen  to 
twenty  inches  in  length,  and  from  two  to  three  lines  in  width  ; 
it  is  somewhat  varicose,  or  constricted  at  intervals,  owing  to 
the  presence  within  it  of  numerous  double  semi-lunar  valves, 
wliich  have  their  free  margins  directed  upwards,  so  that  they 
are  closed  by  downward  pressure,  and  support  the  weight  of 
the  column  of  fluid  contained  in  the  duct.  At  the  root  of  the 
neck,  the  contents  of  the  absorbent  system  are  poured  into  the 
venous  system,  and  are  mixed  with  the  venous  blood  flowing 
towards  the  heart,  regurgitation  from  the  veins  to  the  ab- 
sorbent trunks  being  prevented  by  the  valves  placed  at  the 
opening  of  the  latter  into  the  veins. 

I’he  coats  of  the  lymphatics,  as  elsewhere  explained,  are 
remarkably  thin,  and  therefore  highly  permeable  to  fluids. 
The  trunks  themselves  are  very  difficult  to  find,  and  even  the 
thoracic  duct  eludes  an  ordinary  dissection. 

Lymphatic  glands  are  found  (fig.  100)  in  the  arm-pits  and 
groins,  and  a few  at  the  bend  of  the  elbow,  and  in  the  ham, 
where  they  are  named  respectively  axillary^  inguinal,  anti- 
hracliial,  and  popiliteal  glands  ; chains  of  glands,  on  each  side 
of  the  neck,  are  named  the  cervical  or  concatenated  glands ; in 
the  thorax,  numerous  glands,  placed  around  the  great  air- 
tubes  or  bronchi,  and  usually  containing  a black  deposit,  are 
named  bronchial  glands;  lastly,  in  the  pelvis  and  abdomen, 
are  the  iliac,  lumbar,  and  mesenteric  glands. 

Like  general  absorption,  the  absorption  of  food  from  the 
alimentary  canal,  is  performed  by  the  agency  not  only  of  the 
bloodvessels  but  also  of  the  absorbents  proper ; those  of  the 
small  intestines,  which  occasionally — that  is,  during  digestion — 
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convey  the  milky  white  tluid,  clujle^  are  named  the  lacteals,  or 
ch/jhferous  vessels. 

The  arteries  of  the  intestine,  chiefly  derived  from  the 
mesenteric  arteries,  subdivide  and  inosculate  in  the  mesentery, 
forming  numerous  vasciilar  arches  before  they  reach  the 
attached  border  of  the  intestine ; entering  and  ramifying  in 
the  submucous  coat,  their  branches  penetrate,  and  further 
subdivide  in,  the  mucous  membrane,  in  Avhich  they  end  in 
close  networks  of  capillaries^  near  the  mucous  surface,  around 
the  intestinal  tubuli  and  glands,  and  within  the  countless  villi. 
From  the  capillary  networks,  the  minutest  venules  proceed, 
and  soon  join  to  tbrni  larger  veins,  running  to  the  attached 
border  of  the  intestine ; beyond  this,  the  veins  unite  in  the 
mesentery  into  still  larger  trunks ; these,  with  the  veins  of  the 
Ktomacli,  pancreas,  and  spleen,  ultimately  ibrm  *the  portal 
vein,  Avhich  enters,  and  .subdivides  in,  the  liver.  The  veins 
from  the  lower  part  of  the  large  intestine,  however,  do  not 
enter  this  portal  s^'stem,  but  join  the  veins  from  the  lower 
half  of  the  body ; so,  too,  the  veins  proceeding  from  the 
mouth,  pharynx,  and  gullet,  enter  the  general  venous  system. 

The  lacteals,  Avhich  may  be  said  to  be  limited  to  the  small 
intestine,  below  the  entrance  of  the  bile-duct  and  pancreatic 
duct,  resemble  the  lymphatics  of  the  stomach,  large  intes- 
tine, and  other  parts  of  the  bod}’,  and,  like  them,  convey. 
Avhen  not  engaged  in  absorbing  food,  only  a transparent 
lymph.  The  lacteals  Avere  discovered  by  Aselli  (1()22); 
their  connection  Avith  the  thoracic  duct  Avas  shoAvn  by 
Pecquet  (1651).  In  the  mucous  membrane  of  the  stomach 
and  large  intestine,  the  absorbents  probably  arise  by  netAA’orks, 
like  those  of  other  membranes.  In  the  small  intestine,  hoAv- 
ever,  Avhich  is  the  proper  seat  of  lacteal  absorption,  besides  a 
netAvork  near  the  general  mucous  surface,  absorbent  A-essels, 
Avhich  form,  as  it  Avere,  the  radicles  or  absorbent  extremities  of 
the  lacteiil  system,  commence  Avithin  the  A’illi  Avhich  specially 
characterise  this  part  of  the  intestinal  canal-  These  A’illi, 
during  digestion,  project  into  the  pulpy  digested  food,  as  the 
I’ootlets  of  a plant,  Avith  their  ab.sorbing  spongioles,  depend  in 
Avater  or  penetrate  the  soil. 

The  lacteals  commence  Avithin  the  A’illi  by  closed  extre- 
mities, and  not  by  open  mouths  (fig.  102,  1).  By  some 
anatomists  they  are  said  to  arise  by  a plexiform  uetAvork. 
Avhich,  at  the  base  of  the  A'illus,  passes  into  larger  A'essels. 
According  to  others,  a single  lacteal  A'es.sel  occupies  the  centre 
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of  eaeli  villus,  commencing  near  the  apex  by  a simple  closed 
extremity,  by  a dilated  ampulla,  or  by  a loop,  which  may  be 
part  of  a network,  and  ending  in  the  general  network  at  its 
base.  The  diameter  of  the  lacteals  in  the  villi,  is  from  xAp- 
of  an  inch.  The  network  at  their  base,  consists  of  a finer 
and  a coarser  layer,  in  the  latter  of  which  the  vessels  possess 


Fig.  102.  Fig.  103. 


Fig.  102.  Two  intestinal  villi  highly  magnified,  showing  the  two  supposed 
modes  of  commencement  of  the  lacteals,  1,  in  their  interior;  one  mode, 
by  a dilated  ampulla,  the  other  hy  a network.  The  columnar  epithelial 
cells,  2,  covering  the  villi,  are  a'so  shown ; and  likewise  a portion  of  the 
capillary  network,  3,  lying  outside  the  lacteal  vessel.  The  larger  lacteals 
at  the  base  of  the  villi  are  indicated. 

Fig.  103.  The  artery,  capillary  network,  and  vein  of  an  intestinal  villus 
artificially  injected.  The  light-coloured  vessel  represents  the  minute 
artery  which  conveys  the  blood  into  the  villus;  the  dark  vessel  is  the 
vein  along  which  the  blood  returns  ; the  intermediate  capillary  network 
is  marked  2. 


valves.  (Teichmann.)  The  villi  are  also  very  vascular,  each 
containing  a minute  arterial  and  venous  twig,  with  a close 
capillary  network  outside  the  lacteal  vessels  (fig.  102,  3,  and 
fig.  103).  The  substance  of  the  villu.s  consists  of  a delicate 
e.xtension  of  the  mucous  membrane,  composed  of  a mixed,  soft, 
areolar  and  granular  tissue,  containing  fatty  particles ; further. 
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each  villus  contains,  around  the  central  lacteal,  a few  unstriped 
muscular  fibres,  by  the  contraction  of  which  the  villus  may  be 
shortened,  and  its  substance  thrown  into  ti'ansverse  folds ; 
lastly,  the  epithelial  covering  of  the  villus,  which  measures 
only  about  -j-ttut,  of  an  inch  in  thickness,  is  composed,  like 
that  of  the  intestine  generally,  of  a single  layer  of  columnar 
nucleated  cells,  pointed  at  their  attached  end,  but  wider,  flat- 
tened, and  more  or  less  polygonal  at  their  free  extremity. 
This  part  of  the  cell  has  been  described  as  being  ciliated,  but 
the  appearance  is  generally  attributed  to  the  existence  of  fine 
lines  passing  from  the  free  end  to  the  interior  of  each  cell,  and 
regarded  by  some  as  pores.  In  animals  killed  Avhile  lacteal 
absorption  is  going  on,  these  epithelial  cells  are  frequently  found 
to  be  distended  with  fatty  matter,  the  villi  having  a swollen 
and  tuberculated  aspect.  At  this  time  also,  the  central  lacteals 
of  each  villus,  and  also  the  subjacent  vessels,  are  found  dis- 
tended with  whitish  or  bluish  chyle.  Upon  the  surface  of 
the  small  intestine  (fig.  104,  I),  running  beneath  the  peritoneal 
coat  towards  its  attached  border,  are  seen  larger  chyliferous 
vessels,  proceeding  between  the  layers  of  the  mesentery,  2,  2 : 
thence  others,  passing  through  the  mesenteric  glands,  3,  con- 
verge to  the  back  of  the  abdomen,  Avhere  they  end  in  the 
receptaculum  cin/li,  or  dilated  part  of  the  thoracic  duct 
(fig.  100,  a).  If  this  duct  be  tied  immediately  after  death,  in 
an  animal  killed  during  digestion,  it,  as  well  as  the  chyliferous 
vessels  generally,  becomes  much  distended,  and  either  of  these 
vessels  may  burst,  and  the  chyle  may  be  extravasated  at  manv 
points. 

Beneath  the  mucous  membrane  in  various  parts  of  the  ali- 
mentary canal,  as  in  certain  recesses  at  the  root  of  the  tongue 
(p.  54),  and  in  the  tonsils  (p.  27),  or  scattered  singly  over  the 
internal  surface  of  the  stomach,  small  intestine,  and  large  intes- 
tine, and,  lastly,  collected  in  patches  in  the  small  intestine, 
there  exist  peculiar  saccular  bodies,  called  gland.s,  which, 
however,  do  not  appear  to  belong  to  the  secreting  gland 
system,  but  perhaps  rather  to  the  absorbent  system.  They 
are  neither  racemose  glands,  like  the  glands  of  Brnnner,  nor 
open  follicles,  nor  tubuli,  like  the  gastric  glands  and  the 
crypts  of  Lieberkiihn,  but  closed  sacs,  not  communicating 
with  the  interior  of  the  intestine,  unless  under  some  excep- 
tional conditions.  In  the  stomach  and  intestine,  these  bodies 
exist  in  two  forms.  First,  as  the  so-called  solitarj/  glands  of  the 
stomach  (jx  Cl),  small  intestine  (p.  82),  and  large  intestine 
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(p.  82),  scattered  over  the  mucous  surface,  as  small  soft 
vhitish  bodies,  somewhat  prominent,  and  about  one  line  in 
diameter,  or  the  size  of  a millet-seed  when  they  are  fully  dis- 
tended. Each  sac  consists  of  a thickish  soft  capsule,  composed 
of  an  indistinctly  formed  areolar  tissue,  mixed  with  nuclei, 
and  encloses  a semi-opaque,  adherent,  and  semi-fluid  granular 
matter,  containing  mixed  fatty  and  albuminous  molecules. 


Fig.  104. 


Fig.  104.  Portion  of  the  small  intestine,  1,  1,  with  its  mesentery ; 2,  2, 
showing  the  superficial  lacteal  vessels  in  the  intestine  and  mesentery. 

The  mesenteric  glands  are  also  seen  at  3,  and  elsewhere. 

nuclei,  and  cells,  amongst  which  loops  of  capillary  vessels  are 
said  to  penetrate  from  all  sides.  The  mucous  membrane  passes 
completely  over  these  sacs,  and  usually  even  a few  villi  are 
placed  upon  them.  In  the  large  intestine,  they  are  situated  at 
the  bottom  of  a wide  recess,  having  a narrow  orifice,  which  has 
been  erroneously  regarded  as  an  opening  into  the  sac.  Secondly, 
clusters  of  these  sacs,  the  agminated  glands,  or  Peyer’s  glands 
(Peyer,  1677),  are  found  in  the  small  intestine  only.  These 
Peyer’s  patches,  twenty  to  thirty  in  number,  are  either  rounded 
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or  oval,  being  from  half  an  inch  to  three  or  more  inches  in 
length,  and  about  half  an  inch  or  more  in  -width ; they  are 
placed  at  intervals,  longitudinally  along  the  free  border  of  the 
intestine  (Fig.  91).  Commencing,  of  small  size,  in  the  lotver 
part  of  the  duodenum,  they  gradually  become  more  frequent 
and  larger  in  the  jejunum  and  upper  part  of  the  ileum,  but 
are  largest  and  most  numerous  in  the  lower  part  of  the  ileum. 
Their  component  sacs  (Figs.  98,  99)  exactly  resemble  in  struc- 
ture the  single  sacs  of  the  so-called  solitary  glands.  When 
distended,  as  occurs  during  the  absorption  of  food,  the  patches 
of  Peyer’s  glands  present  a -whitish  speckled  appearance,  and, 
if  moderately  magnified,  each  sac  is  seen  to  be  surrounded  by 
a little  zone  of  darkish  points,  which  are  the  mouths  of  the 
crypts  of  Lieberklihn,  thrust  outwards  by  the  filling  of  the  sac. 
The  mucous  membrane  over  the  sacs,  is  entire.  Yilli  are 
seen  in  the  intervals  between  them  and  sometimes,  as  is  the 
ca.se  with  the  solitary  glands,  even  upon  them.  Opposite 
these  patches,  the  submucous  coat  of  the  intestine  is  more  vas- 
cular than  elsewhere,  and  especially  abounds  in  lymphatics, 
which,  however,  have  not  been  traced  into  the  sacs,  but  here 
form  plexuses  of  large  and  easily  injected  vessels. 

The  sacs  of  both  the  solitary  and  the  agminated  glands  are 
sometimes  found  open,  as  if  by  rupture  through  distension ; 
but  from  their  normally  closed  condition,  the  fatty  and  albu- 
minoid nature  of  their  contents,  the  abundance  of  lymphatics 
in  their  neighbourhood,  and  from  the  special  distension  of 
these,  as  well  as  of  the  sacs  themselves,  during  the  process  of 
intestinal  absorption,  it  is  with  much  reason  inferred,  that 
both  the  solitary  and  agminated  glands  are  concerned,  in  some 
way,  in  this  last-named  function ; the  mode  in  which  they 
act,  and  the  precise  nature  of  their  office,  are,  however,  not 
yet  understood. 

Endo$?nosis,  Exos?nos{s,  Osrnosis,  Liquid  Diffusion,  and 
Dialysis. 

The  absorption  of  liquids,  or  of  substances  in  .a  state  of  solution,  bv 
the  living  animal  body,  is  either  a simple  filtrating  process,  connected 
with  the  &ne  poros-ity  of  the  tissues  ; or  it  piartakes  of  the  ch.aracter  of 
dialpsis,  or  the  penetration  of  liquid  or  dissolved  substances  through  a 
moist  membrane  permeable  to  such  bodies,  without  being  directly 
porous,  like  a filter;  or,  lastly,  it  may  be  connected  with  speci.al 
selective  or  repdhnt  actions  in  the  living  tissues.  Even  in  the  last  ciise, 
the  process  may  be  physical,  i.e.,  either  filtrating  or  dialytic.  The  pene- 
tration of  dissolved  substances  through  the  tissues,  occurs,  not  only  in 
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general  absorption  and  the  absorption  of  food,  but  also  in  intrinsic  ab- 
sorption, in  all  acts  of  nutrition,  in  the  reabsorption  of  the  disintegrated 
materials  of  the  body  itself,  likewise  in  the  various  acts  of  secretion  and 
excretion,  in  certain  processes  of  the  function  of  respiration,  and  of  those 
of  taste  and  smell. 

F.ndosmosis. — The  action  of  the  living  tissues,  in  these  several  func- 
tions, has,  since  the  researches  of  Dutrochet  (1827),  been  in  part  referred 
to  the  physical  processes  of  so-called  endosmosis  and  exosmosis,  or  the 
passage  of  fluids  in  opposite  directions  through  dead  animal  membranes 
(eydoy,  endon,  within  ; wcrfi6s,  osrnos,  impulse).  It  was  first  pointed  out 
by  Parrot,  of  St.  Petersburg  ( 1 803),  that,  if  two  liquids  of  unequal  density 
are  separated  by  a permeable  organic  membrane,  a mutual  but  unequal 
interchange  takes  place  between  them  ; but  Dutrochet  more  fully  in- 
vestigated the  subject.  His  endosmometer  consists  of  a bell-shaped  glass, 
covered  at  its  mouth  with  a thin  animal  membrane,  and  fitted  at  its 
upper  end  with  a graduated  tube ; a coloured  solution  of  sugar,  gum,  or 
some  saline  substance,  being  introduced  into  the  glass,  the  covered 
mouth  is  then  immersed  in  water,  when  it  is  found  that  the  solution 
rises  in  the  graduated  tube,  to  a considerable  height  above  the  level 
of  the  water  around  it.  This  phenomenon  Dutrochet  named  endosmose. 
During  its  occurrence,  however,  some  of  the  dissolved  substance  con- 
tained in  the  tube,  passes  into  the  water  outside,  and  this  process  he 
named  exosmose.  The  more  rapid  flow,  however,  usually  takes  place 
from  the  rarer  to  the  denser  fluid  ; and  hence,  if  the  endosmometer  be 
filled  with  water,  and  be  dipped  in  the  solution,  the  more  active,  or  so- 
called  endosmotic  current,  really  passes  outvmrds  through  the  mem- 
brane. Dutrochet  pointed  out  that  the  force  of  endosmosis  bears  a 
certain  ratio  to  the  density  of  the  inner  fluid,  and  that  the  quantity  of 
fluid  which  piasses,  depends  also  on  the  extent  of  the  membrane.  To  avoid 
the  effects  of  gravity,  he  from  time  to  time  adjusted  the  endosmometer, 
so  that  the  fluids  inside  and  outside,  were  kept  on  a level.  He  showed 
that  capillarity,  or  capillary  ascension,  does  not  account  for  the  pheno- 
mena, which,  he  admitted,  cannot  be  satisfactorily  explained.  He  sirpposed 
that  endosmosis  and  exosmosis  are  peculiar  to  organic  membranes,  and 
that  they  explain  the  rise  of  the  sap  in  plants,  many  processes  of  the 
animal  body,  and  probably  also  the  motions  of  various  vegetable  and 
animal  fibres  and  cells. 

More  recently,  these  physical  phenomena  have  been  studied  by 
Bedard,  Matteucci,  Graham,  and  others.  The  direction  of  the  current 
through  an  animal  membrane,  is  not  always  foimd  to  be  from  the  lighter 
to  the  denser  fluid ; for  water  passes  more  rapidly  into  alcohol,  than 
alcohol  into  water.  The  great  endosmotic  tendency  of  water  has  been 
attributed  to  its  high  specific  heat,  which  is  higher  than  that  of  any 
other  fluid.  (Bedard.)  But  the  properties  and  qualities  of  the  various 
fluid,  or  saline  and  other  soluble,  substances,  are  also  found  to  influence 
the  result.  The  phenomena  are  favoured  by  moderately  high  tempera- 
tures, by  pressure,  by  the  saturation  of  the  membrane  with  acids  or 
alkalis,  by  special  relations  between  the  membrane  and  one  of  the 
fluids,  and  by  the  constant  removal  of  the  endosmosing  fluid  by  motion 
or  by  evaporation. 

Professor  Graham  has  examined  separately,  first,  the  tendency  of 
different  liquids  or  solutions  to  mix  with  each  other  directly,  and, 
VOL.  II.  II 
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secondly,  the  influence  of  a permeable  membrane  interposed  between 
them.  The  former  phenomena  constitute  liquid  diffusion,  and  the  latter 
osmosis,  or  dialysis. 

Liquid  Diffusion. — A phial,  with  open  mouth,  is  tilled,  nearly  to  the 
top,  with  a given  solution,  and  is  then  placed  in  a larger  vessel,  into 
which  water  is  carefully  poured,  so  as  to  stand  considerably  above  the 
level  of  the  mouth  of  the  phial  ; or  a graduated  jar  is  flUed,  up  to  the 
highest  mark  but  one,  with  water,  and  then,  by  means  of  a pipette,  the 
solution  to  be  tried  is  poured  in  at  the  bottom  of  the  jar.  so  as  to 
elevate  the  water  to  the  top  of  the  scale.  On  leaving  phials  or  jars,  so 
prepared,  standing,  witliout  agitation,  or  change  of  temperature,  the 
substance  in  solution  ascends  in  the  water,  against  the  influence  of 
gravity,  as  if  it  were  volatile.  In  other  words,  it  diffuses ; hence 
the  term  liquid  diffusion.  All  soluble  substances  diffuse  in  this  way, 
but  they  are  not  equally  diffusible.  Thus,  in  phial  experiments,  the 
relative  quantities  of  the  following  substances,  diffused  through  the 
w'ater  above,  from  solutions  of  like  concentration,  in  the  same  time,  are 
as  follow ; chloride  of  sodium  58,  nitrate  of  soda  57,  sulphate  of  soda  27, 
cane  sugar  26,  gum  13,  and  albumen  3.  In  jar  experiments,  the  relative 
times  of  diffusion  of  equal  quantities  of  different  substances  are  these : 
hydrochloric  acid,  the  most  diffusible  substance  hitherto  tried,  1 ; 
chloride  of  sodium  2'3  ; sugar  7 ; sulphate  of  magnesia  7 ; albumen  49  ; 
and  caramel,  or  burnt  sugar,  98.  The  rate  of  diffusion  of  different 
substances  is,  therefore,  remarkably  different,  being  verj-  high  for  hydro- 
chloric acid  and  chloride  of  sodium,  but  low  for  gum,  albumen,  and 
caramel.  So  distinct  and  constant  is  the  diffusive  power  of  different 
substances,  that,  fi-om  mixed  solutions  of  these,  chloride  of  potassium 
ascends  more  rapidly  than  common  salt,  and  this,  faster  than  sulphate 
of  soda ; with  salt  and  albumen,  the  difference  is  still  more  marked. 
Weak  chemical  compounds  may  even  be  decomposed  through  the  differ- 
ent diffusive  power  of  their  constituents ; thus,  alum,  a double  sulphate 
of  alumina  and  potash,  is  decomposed,  in  a phial  difflision  experiment, 
by  some  of  the  stdphate  of  potash  rising  away  from  its  associated  sul- 
phate of  alumina. 

The  rate  of  diffusion,  in  proportion  to  the  quantity  of  the  substance 
diffused,  is  greater  when  the  solution  is  weak ; but  the  absolute  quan- 
tity diffused  is  greater  with  strong  solutions.  Heat  increases  the  rate 
of  diffusion,  common  salt,  e.  g.  diffusing  2k  times  more  rapidly  at  120° 
than  at  60°. 

From  various  points  of  contrast,  including  their  behaviour  as  diffu- 
sible bodies,  chemical  substances  are  arranged  by  Graham  into  crystal- 
loids and  colloids. 

Crystalloid  bodies  are  hard,  rigid,  and  quickH  soluble  ; their  solutions 
are  never  viscous  ; they  are  always  more  or  less  sapid ; their  chemical 
reactions  are  quick  and  energetic,  but  in  a molecular  sense,  they  are,  if 
left  to  themselves,  static,  or  little  liable  to  molecular  changes.  This  class 
includes  every  crystallisable  body,  and  every  substance  capable  of 
entering  into  the  formation  of  a crystalline  body. 

Colloid  substances  do  not  crystallise,  but  are  amorphous  ; they  have, 
when  dry,  a vitreous  structure,  and  instead  of  being  hard  and 
brittle,  are  soft  or  tough ; they  dissolve  freely  but  slowly,  their 
solutions  being  more  or  less  viscous,  and  they  gelatinise  on  cooling,  or 
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by  concentration.  Hence  they  are  named  colloids,  from  collin  or  gela- 
tin, and  sometimes  pectoids,  from  their  gummy  character ; they  are 
tasteless  or  insipid,  but  they  may  gire  rise  to  sapid  ci’ystalloids  ; their 
combining  equivalents  are  high,  and  their  molecules  accordingly  heavy ; 
as  acids,  or  bases,  they  are  chemically  inert,  but  they  are  liable  to 
remarkable  molecular  changes,  and,  in  this  sense,  exhibit  great  dynami- 
cal activity  ; they  have  a weak  affinity  for  water,  and  are  easily  thrown 
down  from  their  solution  in  it.  They  readily  undergo  metastasis,  passing 
from  a state  of  solution  into  the  gelatinous,  pectous,  or  solid  condition, 
and,  with  time,  even  into  the  crystalloid  state,  either  spontaneously, 
or  by  the  slightest  contact  with  extremely  minute  portions  of  other 
substances ; thus  a solution  of  silicic  acid  is  gelatinised  by  part 
of  an  alkaline  or  earthy  carbonate.  Lastly,  in  their  soft  condition,  they 
form,  like  water,  media  for  liquid  diffusion,  a crj'stalloid  body  diffusing 
itself  through  a jelly,  almost  as  readily  as  through  water  itself.  Colloid 
substances  include  gelatinised  starch,  dextrin,  gum,  caromel,  gelatin, 
albuminoid  bodies,  vegetable  and  animal  bodies,  extractives,  and  a num- 
ber of  soluble  hydrated  mineral  substances,  as,  for  example,  silicic  acid 
and  peroxide  of  iron. 

Of  the  two  great  classes  of  substances  thus  distinguished,  crystal- 
loids are  highly  diffusible,  whilst  colloids  are  of  low  diffusibility. 

Finally,  liquid  diffusion  is  to  be  regarded,  not  as  a purely  physical 
process,  like  the  diffusion  of  gases,  which  depends  on  a tendency  of  those 
elastic  fluids  to  intermix  in  inverse  proportions  to  their  density ; nor  is 
it  to  be  explained  by  capillarity ; for  the  diffusion  of  different  sub- 
stances does  not  coincide  with  their  ascension  in  capillary  tubes ; but 
this  process  appears  rather  to  depend  on  chemical  action.  The  high  dif- 
fusibility of  crystalloids  is  explained  by  their  powerful  attraction  for 
their  solvent,  the  mobility  or  volatility  of  which  is  determined  by  their 
presence ; whilst  the  low  diffusibility  of  colloids  is  referred  to  their 
feeble  combination  with  their  solvent,  on  the  volatihty  of  which  they 
accordingly  have  little  effect. 

Dialysis. — The  phenomena  of  the  diffusion  of  liquids  into  each  other 
are  rendered  more  definite  by  the  interposition  of  permeable  mem- 
branes between  them.  If  a gutta-percha  hoop  be  closed  on  one  side  with 
vegetable  parcliment,  the  tray  thus  formed  will  not  allow  water  to  pass 
through  it  by  filtration.  By  supporting,  or  suspending,  such  a tray  in 
a large  vessel  of  water,  and  pouring  a thin  layer  of  the  fluid  or  solution 
to  be  experimented  upon,  into  it,  dialysis,  or  diffiision  through  the  per- 
meable membrane,  takes  place.  Crystalloid  bodies,  in  solution,  pass 
through  the  membrane,  or  dialyse,  into  the  water,  with  great  rapidity; 
whilst  colloid  bodies  are  almost  absolutely  prevented  from  passing. 
Thus,  in  equal  times,  the  proportion  of  common  salt  which  dialyses 
is  7'5,  of  cane  sugar  1'6,  and  of  gum  ’029;  or,  again,  the  quantity 
of  salt  which  dialyses  being  5'2,  that  of  dextrin  is  '034,  of  gum  '013, 
of  caramel  '009,  and  of  albumen  '005 ; whilst  gelatin,  extract  of  meat,  and 
boiled  starch,  do  not  dialyse  at  all.  The  rate  of  dialysis  is  influenced 
by  the  depth  of  the  fluid  in  the  traj',  by  the  area  of  the  membrane,  by 
the  strength  of  the  solution,  and,  to  a certain  degree,  though  less  than 
liquid  diffusion,  by  temperature.  The  process  is  not  mechanical,  but 
chemical,  the  results  being  more  definite  than  those  of  liquid  diffusion. 
Dialysis  depends  on  the  affinity  of  the  substance  experimented  upon,  for 
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the  water  in  the  moist  permeable  membrane.  Crystalloids,  which 
dialyse  rapidly,  have  an  affinity  for,  or  unite  with,  the  water  of  the  sep- 
tum, and,  by  successive  combinations  of  their  molecules  with  the  water 
in  that  membrane,  they  pass  through  to  the  water  outside  it,  and  thus  a 
movement,  otherwise  invisible,  becomes  apparent.  On  tlie  other  hand, 
colloids  have  little  or  no  affinity  for  the  water  of  the  septum,  and, 
therefore,  do  not  make  their  way  through  it.  The  membranous  septum 
is  itself  colloidal ; its  molecules  have,  therefore,  only  a slight  affinity 
for  water,  and  permit  the  stronger  affinity  of  the  crystalloids,  suc- 
cessively to  displace  them,  and  so  to  pass  through ; whilst  coUoids 
generally,  are  too  feeble  to  accomplish  this  displacement.  Thin  layers 
of  any  colloidal  substance,  such  as  films  of  gelatinised  starch,  albumen, 
jelly,  gum,  and  mucus,  also  act  as  dialysers. 

Dialysis  has  been  employed  for  the  artificial  separation  of  crystalloids 
and  colloids.  Saline  and  earthy  matters,  rendered  soluble  by  acetic  or 
hydrochloric  acids,  may  be  dialysed  from  albumen,  or  lime  from  solu- 
tions of  gum,  pure  albumen  or  gummic  acid  remaining.  Morphia, 
strychnia,  and  other  ciystallisable  alkaloids,  have  been  separated  from 
organic  fiuids ; and  even  part  of  arsenious  acid,  mixed  with 

porter,  milk,  defibrinated  blood,  or  pieces  of  intestine,  has  yielded  80  or 
90  per  cent,  of  that  minute  quantity,  b}'  dialysis,  in  24  hours.  These 
dialytic  actions  also  explain  more  completely,  the  long  known  phenomena 
of  endosraosis  and  exosmosis.  The  force  concerned  in  liquid  diflTusion 
was  at  first  named,  by  Graham,  osmotic  force;  and  endosmosis  and 
exosmosis  were  regarded,  by  him.  as  due  to  the  action  of  this  force  in 
opposite  directions,  or  to  a positive  and  negative  osmosis;  the  direction 
of  the  chief  visible  current  appears  to  be  always  towards  any  sub- 
stance having  the  properties  of  a base,  water  flowing  towards  a salt,  and 
from  an  acid.  Subsequentlj',  however,  Graham  distinguished  liquid 
cliffiision  from  diffusion  through  membranes,  or  dialysis. 

Dialysis  must  take  place  in  the  living  body,  in  which  compound  and 
simple  permeable  and  colloidal  membranes  abound,  such  as  the  base- 
ment membranes,  capillaiy  walls,  and  cell  walls,  all  of  which  are  subject 
to  the  constant  action  of  solutions  of  crystalloid  and  colloid  bodies, 
either  acids,  alkalis,  and  salts,  or  albuminoid  and  extractive  substances. 
The  process  of  absorption  most  obvlouslj-  suggests  difiusive  and  dialytic 
actions  ; but  so  also  do  those  of  nutrition,  secretion,  and  excretion,  and 
even  the  interchange  of  the  gases  of  the  blood  and  air,  in  respiration, 
for  these  gases  are  dissolved  at  the  moment  of  interchange.  3Ioreover, 
the  sapidity  of  crystalloids  and  the  insipidity  of  colloids  are  associated 
respectively,  with  a high  and  a low  diffusibility.  It  has  even  been  sug- 
gested, as  indeed  was  hinted  b}’  Dutrochet.  that  rapid  dialytic  action 
maj'  take  place,  not  only  in  vegetable  movements,  but  also  in  the  inti- 
mate changes  of  condition  of  the  muscular  fibres,  in  the  states  of  con- 
traction and  relaxation,  and  that  it  may  thus  form  a link  in  the  trans- 
formation of  chemical  into  mechanical  force,  which  is  realised  in  animal 
motion.  Lastl}*,  organisation  and  living  action  are  indissolubly  asso- 
ciated with  the  existence  of  one  at  least  of  these  two  great  classes  of 
substances,  discriminated  b}'  their  different  dialytic  power  : for  all  the 
tissues  of  plants,  and  animals,  from  those  of  the  seed  or  germ,  upwards, 
are  colloidal  in  their  natime. 
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General  Absorption. 

The  chief  natural  absorbing  siuface  is  the  mucous  mem- 
brane of  the  alimentary  canal.  Thus,  it  takes  up  the  greater 
part  of  the  food  ; moreover,  saline,  colouring,  odorous,  sapid, 
and  other  substances,  may  be  detected,  soon  after  having- 
been  swallowed,  not  merely  in  the  blood,  but  in  the  secretions 
of  distant  glands ; and,  lastly,  specific  effects,  medicinal  or 
poisonous,  may  be  produced  upon  remote  parts  of  the  system, 
e.g.  upon  the  brain  and  spinal  cord,  as  when  prussic  acid  is 
applied  to  the  tongue,  strychnine  is  taken  by  the  stomach,  or 
nicotine  is  administered  in  enemas. 

'rhe  mucous  membrane  lining  the  air-passages  and  air- 
cells  of  the  lungs,  is  also  absorbent,  that  of  the  air-cells  espe- 
cially taking  up  gases  in  a state  of  solution.  Water,  various 
other  fluids,  and  saline  solutions,  accidentally  introduced  into 
the  air-passages,  are  also  partly  absorbed.  From  certain  cases 
of  increase  in  the  weight  of  the  body,  beyond  that  of  the  food 
and  beverage  taken,  it  has  been  inferred,  though  this  is  doubt- 
ful, that  the  pulmonary  mucous  membrane  may  even  absorb 
the  vapour  of  water  from  the  air,  instead  of  exhaling  it,  as  it 
usually  does.  Many  substances,  of  a more  or  less  volatile  or 
soluble  character,  may  be  introduced  into  the  system  through 
the  air  we  breathe,  either  in  a vaporous  state,  as  in  the  case  of 
carburetted,  sulphuretted,  phosphuretted,  and  arseniuretted 
hydrogen,  cyanogen,  alcohol,  ether,  chloroform,  mercury,  phos- 
]-)horus,  and  miasmatic  and  contagious  exhalations,  or  in  the  con- 
dition of  tine  particles,  as  e.  g.  arsenic.  The  general  ansesthesia 
produced  by  chloroform,  depends  on  its  absorp>tion  by  the  pul- 
monary capillaries.  Mercury  and  phosphorus,  employed  by 
the  looking-glass  maniffacturers  and  lucifer-match  makers,  are 
taken  up,  partly  by  the  mouth,  but  also  probably  by  the  lungs ; 
and  numerous  cases  of  poisoning  by  arsenic,  in  which  the  health 
has  been  seriously  deranged,  have  been  observed  amongst 
manufacturers  of  artificial  flowers  and  green  paper-hangings, 
from  the  arsenite  of  copper,  or  Scheele’s  green,  employed  by 
them.  Such  papers  are  unfit  for  dwelling  rooms. 

The  conjunctiva  is  also  absorbent,  as  is  shown  by  the 
poisonous  effects  of  prussic  acid,  dropped  into  the  eye  of  a 
rabbit.  Other  mucous  membranes  likewise  absorb  fluids  and 
dissolved  substances ; the  bile,  for  example,  becomes  more 
or  less  inspissated  in  the  gall-bladder. 
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Absorption  by  tlie  skin  also  takes  place,  especially  wben  a 
substance  is  kept  in  prolonged  contact  with  it,  as  in  the  case 
of  painters  who  do  not  cleanse  their  hands  from  white  lead, 
and  are  attacked  with  the  dropped  -wrist  or  paralysis  of  the  ex- 
tensor muscles  of  the  fore-arm.  In  the  thin  and  moist  skinned 
Amphibia,  absorption  by  the  integument  is  very  active  ; for 
if  kept  in  a condition  of  drought,  these  animals  become  ex- 
tremely attenuated;  whilst  thej'-  rapidly  swell  out,  if  then 
placed  in  a moist  atmosphere,  or  upon  damp  earth,  thus 
proving  that  their  skin  is  both  absorbent  and  exhalant.  A 
dog  placed  in  an  air-tight  vessel,  Avith  its  head  unenclosed, 
has  been  killed  by  the  vapour  of  the  oil  of  bitter  almonds 
absorbed  only  through  the  skin.  In  regard  to  INIan,  absorp- 
tion through  the  skin,  if  this  be  whole,  is  not  very  active ; 
indeed,  it  has  been,  though  erroneously,  denied.  The  non- 
A'ascular  cuticle  impedes  this  process,  and,  in  this  way,  is  of 
great  importance,  especially  in  the  practice  of  certain  arts,  in 
Avhich  the  body  is  sirbject  to  contact  rvith  deleterious  agents. 
Nevertheless,  rvater  may  be  absorbed  by  the  rvhole  skin,  for 
the  Aveight  of  the  body  is  increased  after  the  use  of  Avarm 
baths.  (IMadden.)  Shipwrecked  sailors,  destitute  of  fresh 
Avater,  find  that,  by  immersion  in  the  sea,  or  by  wetting  the 
clothes  in  sea-Avater,  thirst  is  relieved ; this  may  be  partly 
attributable  to  a diminution  of  the  exhalation  of  Avater  from 
the  blood  through  tlie  skin,  oAving  to  the  preA^ention  of 
evapoiation,  but  it  is  doubtless  partly  also  due  to  direct 
absorption.  In  the  use  of  A^ery  hot  baths,  above  the  tempera- 
ture of  the  blood,  more  water  is  lost,  by  perspiration  and 
pttlmonary  exhalation,  than  is  absorbed,  so  that  the  body  is 
lighter  after  such  a bath  ; in  a bath  of  90°,  the  proces.ses  of 
absorption  and  exhalation  are  balanced,  no  change  taking 
place  in  the  body  Aveight ; in  tepid  and  cold  baths,  cutaneous 
absorption  exceeds  exhalation,  and  the  body  gains  in  weight. 
Saline  substances,  such  as  iodide  of  potassium,  cyanide  of 
jAotassium,  nitrate  of  potash,  or  chloride  of  ammonium,  dis- 
solved in  baths,  do  not,  according  to  some,  enter  the  system ; 
but  others  allege  that  they  may  be  found  in  the  blood  and 
trrine.  The  use  of  medicinal  baths  is  based  on  the  supposi- 
tion that  they  are  so  absorbed  ; and  the  discrepancies  between 
the  results  of  different  experiments,  may,  in  part,  depend  on 
the  employment  of  baths  at  different  temperaurres,  AA-hich.  as 
just  .stated,  produce  different  results.  A condition  of  exhaus- 
tion faA'ours  cutaneous  absorption.  The  softening  of  the  cuticle 
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greatly  facilitates  the  process:  thus,  an  onion  crushed  and 
worn  in  the  shoe,  will  cause  the  breath  to  smell ; garlic- 
poultices  applied  to  the  arm,  and  lint  dipped  in  turpentine  to 
the  body,  produce  characteristic  odours  in  the  urine ; jalap 
poultices  may  have  an  aperient  effect;  whilst  applications  of  bel- 
ladonna to  the  skin  have  been  followed  by  dryness  of  the  throat, 
dimness  of  sight,  and  by  alarming,  sometimes  fatal,  symptoms 
of  poisoning.  The  introduction  of  foreign  substances  through 
the  skin  is  greatly  aided  by  the  thinness  of  the  cuticle  and 
by  friction,  as  is  ilhtstrated  by  the  effects  on  the  system  of 
mercurial  inunction,  and  also  by  the  rubbing  in  and  conse- 
quent absorption  of  cod-liver  oil ; but  both  these  substances 
are  absorbable  even  without  friction. 

The  importance  of  the  non-vascular  cuticle  as  a protective 
covering,  antagonistic  to  absorption,  is  shown  indirectly  by 
the  effects  of  its  removal ; thus,  the  surface  of  the  true  skin, 
exposed  in  blisters,  absorbs  with  great  facility  and  rapidity  ; 
the  unprotected  and  highly  vascular  .surface  of  the  cutis  is  no 
longer  able  to  resist  the  entrance  of  the  most  deleterious  sub- 
stances ; and  even  the  cantharidin,  or  active  principle  of  the 
Spanish-fly,  used  for  producing  the  blister,  is  itself,  sometimes, 
in  this  way  absorbed.  It  has  been  stated  that  the  lymphatics 
of  the  skin,  which  are  very  numerous  and  large,  and  have 
very  thin  walls,  absorb  adventitious  substances,  perhaps,  more 
readily  than  the  bloodvessels ; the  reverse,  however,  is  the 
case  with  the  lacteals. 

The  serous  and  synovial  membranes  also  absorb,  sometimes 
even  very  rapidly.  Poisons  injected  into  the  pleural  and  peri- 
toneal cavities,  in  living  animals,  are  found  to  be  most  quickly 
taken  up.  Moreover,  the  serous  exudations  which  occur  in 
inflammation  of  these  membranes,  into  the  pericardial,  pleural, 
and  peritoneal  cavities,  are  more  or  less  rapidly  removed  by  the 
curative  process  of  resorption  ; the  fluids  poured  out  into  the 
joints,  in  cases  of  rheumatic  or  other  inflammation,  and  even 
blood  extravasated  into  those  cavities,  are  also,  though  more 
slowly,  absorbed.  The  rapid  absorption  of  the  cerebro-spinal 
fluid  (vol.  i.  p.  295)  affords  another  instance  of  the  facility  of 
absorption  from  an  internal  cavity ; so  likewise  does  the 
absorption  of  blood  and  other  effused  matters,  and  even  that  of 
the  broken  and  non-dissolved  cataractous  lens  from  the  interior 
of  the  eyeball. 

Absorption  from  the  areolar  connective  tissue  is  proved  by 
the  taking  up,  from  its  interspaces,  of  dropsical  fluids,  or  effused 
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blood ; also  by  the  poisonous  effects  of  agents  introduced  ex- 
perimentally into  the  areolar  tissue  in  animals;  and  lastly, 
by  the  effects  of  the  hypodermic  or  subcutaneous  injection  ot 
solutions  of  morphia,  or  other  medicinal  agents,  into  the  living 
human  body,  for  the  relief  of  neuralgic  pain,  and  of  the  suffer- 
ing after  severe  operations,  or  for  the  pmrpose  of  inducing 
sleep,  or  of  relieving  obstinate  coirgh,  or  other  imtation. 

Lastly,  absorption  from  the  artificial  surfaces  of  ulcers  and 
wounds,  is  shown  by  the  talcing  up  of  medicinal  or  poisonous 
substances,  such  as  mercm-y,  arsenic,  morphia,  atropine, 
conium,  and  other  substances,  applied  to  granulating  sores. 

The  vessels  concerned  in  general  absorption  in  the  vascular 
tissues,  are  the  bloodvessels  and  lymphatics ; but  in  the  non- 
vascular  tissues,  as  well  as  in  non-vascular  animals,  ab.sorption 
must  take  place  by  direct  permeation  into  the  cells  or  other 
tissrre  elements. 

Absorption  by  the  veins,  or  venous  absorption,  is  proved 
by  cutting  across  the  limb  of  an  animal,  excepting  its  chief 
artery  and  vein,  and  then  applying  strychnine  below  the  place 
of  section,  when  the  poison  will  stiU  act,  being  conveyed  in 
the  blood  of  the  undivided  vein.  Poisoning  still  takes  place,  if 
the  artery  and  vein  be  also  divided,  and  then  rejoined  by 
pieces  of  quill,  so  that  the  poison  cannot  be  imbibed  and  con- 
veyed by  the  coats  of  the  vessels,  but  can  only  pass  along  the 
venous  blood  cimrent.  To  show  that  the  poisoning  does  not 
take  place  through  the  nerves,  all  parts  of  a limb  may  be 
divided,  excepting  the  chief  nerve,  when  poison,  applied  to  it, 
does  not  affect  the  animal.  Absorption  by  the  veins  generally, 
has  also  been  proved  by  blistering  the  .skin,  applying  a solution 
of  ferro-cyanide  of  potassium,  and,  after  a time,  examining  the 
blood  in  the  veins,  when  that  salt  has  been  detected  in  it. 
Absorption  also  occurs  through  the  portal  veins.  The  pul- 
monary veins  likewise  absorb ; for  prussiate  of  potash,  in  solu- 
tion, introduced  into  the  trachea,  appears  sooner  in  the  left 
cavities  of  the  heart,  to  ^vhich  the  blood  returns  from  the 
lungs,  than  in  the  right  cavities,  to  which  the  blood  retmms 
from  the  body  generally.  Absorption  by  the  pulmonary 
vessels  also  takes  place  in  the  passage  of  dissolved  oxygen 
into  the  blood  during  respiration. 

In  absorption  by  the  bloodvessels,  the  dissolved  substance 
passes  through  the  thin  walls  of  the  capillaries,  or  finest 
venules,  and  so  enters  the  circulation ; but  as  these  vessels 
are  always  covered  by  tissue,  sometimes  exceedingly  thin,  as 
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in  the  air-cells,  and  sometimes  thicker,  as  in  the  cutis,  the 
absorbed  substances  not  only  pass  through  the  coats  of  the 
vessels,  but  must  also  permeate  this  overlying  tissue.  This  part 
of  the  absorptive  process,  corresponds  with  that  form  of  absorp- 
tion Avhich  occurs  in  the  non-vascular  tissues  and  in  animals 
destitute  of  vessels.  Absorption  never  takes  place  through  the 
open  mouths  of  ve.ssels,  as  was  formerly  supposed ; but,  instead,  a 
process  of  permeation  occurs  through  the  living  tissues,  physic- 
ally identical  with  that  of  dialysis  through  dead  animal  and 
other  moist  permeable  membranes,  out  of  the  body.  This 
permeation  is  determined  generally,  first,  by  the  tendency  of 
different  solutions  to  mix  together,  or  of  certain  substances 
contained  in  the  fluid  on  one  side  of  the  membrane,  to  pass 
into  the  fluid  on  the  other  side,  which  does  not  contain  them  ; 
and,  secondly,  by  certain  chemical  relations  between  the 
membrane  and  the  substances  applied  to  it,  so  that  the  mem- 
brane will  permit  some  things  to  pass  through  it  more  readily 
than  others.  The  rapid  dialysis  of  acids,  salt,  sugar,  and 
other  substances,  as  proved  by  their  cjuick  production  of 
flavour  in  the  mouth,  and  the  equally  rapid  passage  of  saline 
and  metallic  poisons,  especially  of  the  vegetable  alkaloids, 
cyanide  of  potassium,  prussic  acid,  and  many  other  foreign 
and  noxious  substances,  into  the  blood,  corresponds  with  their 
crystalloid  character ; whilst  the  inert  colloidal  gum,  and 
albumen,  are  slo^wdy  absorbed,  and  are  almost  tasteless.  The 
remo-\ml  of  the  dialysed  material,  from  beyond  the  septum, 
increases  the  rapidity  of  the  process;  and  thus  also,  the 
natural  process  of  absorption  is  more  rapid,  the  quicker  the 
circulation  in  a part;  for  the  constant  renewal  of  the  blood 
keeps  up  the  required  difference  between  that  fluid  and  the 
solution  of  the  foreign  material,  and  the  qiticker  the  cir- 
cidation  the  more  rapid  and  complete  is  the  renewal  of  the 
blood. 

Absorption  by  the  bloodvessels  is  necessarily  favoured  by 
the  thinness  of  the  layer  of  tissue  which  covers  them,  and  is 
opposed  by  a thicker  and  denser  covering  ; thus,  absorption  is 
very  rapid  from  the  lungs  and  peritoneum,  quick  also  from  the 
gastric  and  intestinal  mucous  membrane,  not  quite  so  quick 
from  the  exposed  surface  of  the  cutis,  whilst  it  is  almost 
entirely  arrested,  when  this  is  covered  by  the  cuticle.  It  is 
very  rapid  from  the  subcutaneous  cellular  tissue,  where  solu- 
tions injected  artificially,  come  into  almost  immediate  contact 
Avith  the  walls  of  the  capillaries  and  venules.  Absorption  takes 
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place,  though  slowly,  through  the  coats  of  even  the  larger 
veins,  as  has  been  shown,  by  exposing  and  insulating  such  a 
vein  in  an  animal,  and  placing  poison  upon  it,  when  death 
has  followed.  Absorption  is  favoimed  by  moderate  tempera- 
tures, but  is  retarded  by  temperatures  much  higher,  or  much 
lower,  than  that  of  the  blood. 

The  rate  of  absorption  of  certain  substances  is  very  rapid  ; 
ferro-cyanide  of  potassium  introduced  into  the  stomach,  has 
been  found  in  the  urinary  excretion  after  the  short  space  of 
60  seconds ; but  when  the  stomach  is  more  or  less  full,  the 
absorption  is  retarded  accordingly.  (Erichsen.)  The  rapid 
passage  of  saline  substances  into  the  saliva,  has  been  shown  by 
Bernard.  Alcohol  is  absorbed  so  qrdckly,  that  its  effects  on 
the  brain,  when  injected  into  the  stomach  of  dogs,  are  almost 
immediate,  death  occun'ing  in  about  two  minutes,  the  stomach 
being  then  found  to  be  empty,  and  the  blood  to  contain  large 
quantities  of  alcohol.  (Percy.) 

Substances  once  introduced  into  the  veins,  by  absorption, 
are  carried  with  the  blood  to  the  heart,  and  thence,  along  the 
arteries  to  every  part  of  the  body.  The  condition  of  the  cir- 
culation materially  affects  the  rapidity  of  absorption.  If  the 
vessels  be  full  of  blood,  or  even  if  they  be  artificially  injected 
with  water,  it  is  found  that  water  introduced  into  the  pleura  is 
absorbed  more  slowly  (IMagendie)  ; if  the  vessels  be  emptied  by 
previous  venesection,  absorption  takes  place  more  rapidly.  Ab- 
sorption is  also  more  active,  when  the  water  of  the  bodv  has  been 
diminished,  by  abstinence  from  fluids,  or  by  unusual  excretion. 
It  is  often  suggested,  that  persons  about  to  expose  themselves 
to  contagion  or  malaria,  should  previously  take  food,  so  as  to 
diminish  the  chances  of  absorption,  which  is  believed  to  be 
more  hkely  to  occirr  when  the  bloodvessels  are  in  a compara- 
tively empty  state,  or  when  the  system  is  imperfectly 
nourished.  The  supposed  immunity  may  be  due  to  the  less 
exhausted  condition  of  the  nervous  system,  or  to  some  other 
unrecognized  power  of  resisting  diseased  influences. 

The  process  of  absorption  by  the  bloodvessels,  is  so  dependent 
upon  the  movement  of  the  blood,  that  if  a ligature  be  placed 
on  those  vessels  in  the  limb  of  an  animal,  or  entirely  aroimd 
the  limb,  either,  in  the  former  case,  absorption  takes  place 
slowly  through  the  lymphatic  vessels  only,  or,  in  the  latter 
case,  it  does  not  occur  at  all.  Thus,  if  a poison  be  inserted 
luider  the  .skin  of  an  animal’s  foot,  and  a tight  bandage  be 
applied  round  the  limb,  no  symptoms  of  general  poisoning 
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ensue ; but  if  the  bandage  be  then  removed,  and  the  circula- 
tion through  the  limb  be  restored  by  gentle  friction,  poisoning, 
or  even  death  will  occur.  Hence,  the  immediate  ligature  ol‘  a 
limb  above  a Avound  inflicted  by  a poisonous  serpent,  will 
arrest  the  further  entrance  of  the  venom  into  the  circulation. 
The  application  of  cupping  glasses  to  a poisoned  Avound, 
operates,  not  merely  by  draAving  out  portions  of  the  poison, 
OAving  to  the  removal  of  atmospheric  pressure  from  the  part, 
but  also  by  stagnating  the  circulation  in  the  injured  and 
adjacent  parts ; sucking  a poisoned  Avound  acts  in  a similar 
manner.  In  a certain  degree,  the  destruction  of  the  part  by 
caustic  or  the  actual  cautery  also  operates  thus,  but  also  by 
the  simultaneous  destruction  of  the  poison  itself.  The  prompt 
removal  of  the  poisoned  tissues  also  arrests  further  absorption. 

The  process  of  absorption  is  influenced  by  the  nervous 
system,  for,  after  division  of  the  sciatic  nerve  in  the  hind 
limb  of  a guinea-pig,  aconite,  Avhich  Avas  not  previously  taken 
up  through  the  skin,  has  been  found  to  be  absorbed ; this  has 
been  attributed  to  the  dilatation  of  the  smaller  arteries,  which 
folloAvs  section  of  the  vasi-motor  nenms.  (Waller.)  Certain 
stimulating  agents,  such  as  chloroform  and  turpentine,  Avhich 
favour  absorption,  may  do  so,  by  producing  dilatation  of  the 
bloodvessels,  as  is  indicated  by  the  increased  redness  of  the 
SAirface  to  Avhich  they  are  applied.  It  has  been  supposed  that 
galvanism  promotes  absorption,  but  the  contrary  seems  to  be 
the  case.  Heat,  friction,  and  moistiu’e,  as  Avell  as  exercise  of 
a part,  obviously  favour  absorption ; whilst  the  opposite  con- 
ditions of  cold,  rest,  and  absolute  dryness,  disqualify  a part 
from  performing  this  function. 

The  share  of  the  process  of  general  absorption,  due  to  the 
absorbent  vessels,  i.e.  to  lijmj)hatiG  absorption,  is  small.  When 
the  cuticle  of  an  animal  is  removed  by  blistering,  and  a solu- 
tion of  ferro-cyanide  of  potassium  is  applied  to  the  denuded 
cutis,  though  the  poison  may  be  found  in  the  Amins,  it  has  not 
been  detected  in  the  thoracic  duct.  Nevertheless,  even  Avhen 
the  abdominal  aorta  and  inferior  vena  cava  of  an  animal  have 
been  tied,  to  prevent  the  circulation  of  the  blood  through  the 
hinder  limbs,  and  Avdien,  in  addition  to  this,  the  internal  iliac 
veins  have  also  been  tied,  to  cut  off  the  collateral  circulation 
through  the  veins  of  the  pelvis,  cyanide  of  potassium,  and  strych- 
nine, inserted  beneath  the  skin  of  the  feet,  even  after  the  limbs 
haA'e  become  rigid,  have  been  detected  aboAm  the  seat  of  the 
ligatures,  and  have  produced  characteristic  symptoms  of  poison- 
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ing ; the  lymphatic  vessels  must  here  have  been  the  channels 
of  absorption.  In  certain  instances,  morbid  products  are  con- 
veyed through  lymphatic  vessels,  as,  e.g.  decomposed  animal 
Iluids,  pus,  simple  or  specific,  and  also  cancerous  matter ; but 
the  extension  of  disease  along  the  course  of  the  lymphatics, 
and  through  the  lymphatic  glands,  may  be  sometimes  due  to 
the  propagation  of  a morbid  process  in  the  coats  of  the  lym- 
phatics. The  colouring  matter  of  the  bile  has  been  seen  in 
the  lymphatics  of  the  gall-bladder,  after  ligature  of  the  gall- 
duct,  and  consequent  retention  of  the  bile  in  its  receptacle. 
The  subcutaneous  lymphatics  near  tatooed  portions  of  the 
skin,  are  sometimes  found  charged  with  colouring  matter,  form- 
ing characteristic  ramified  lines,  differing  in  course  from  that 
of  the  bloodvessels.  ^Moreover,  the  identity  of  structure  be- 
t^veen  the  lymphatics  and  the  lacteals,  and  the  undoubted 
absorbent  function  of  the  latter,  favour  the  conclusion  that  the 
former  vessels  likewise  absorb.  The  termination  of  all  the 
lymphatics  in  the  venous  system,  and  the  direction  of  the 
valves  in  their  interior,  not  only  support  this  view,  but  enable 
us  to  determine  the  course  and  destination  of  their  contents. 

The  lymph,  elsewhere  described  (vol.  i.  p.  67),  re.sembles 
chyle  deprived  of  its  molecular  basis,  and  of  nearly  all  its  fatty 
matter ; but  its  clear,  colourless,  and  limpid  character,  so 
uidike  the  milky  opalescent  aspect  of  the  chyle,  renders  it  difficult 
of  detection  in  its  vessels  during  life.  Distended  transparent 
lymphatics  have,  however,  been  seen  on  the  siuface  of  the 
liver  in  recently  killed  animals,  and  the  lymph  itself  has  been 
observed  flowing  from  the  cut  surface  of  that  organ,  and  also 
from  tymphatic  fistulfe,  the  result  of  disease  in  man,  and 
from  artificial  openings  established  in  the  lymphatics  of  a 
horse’s  leg. 

The  constituents  of  the  chyle  are  derived  essentially  from 
the  digested  food,  but  the  precise  source  of  the  lymph  con- 
tained in  the  lymphatics,  and  also  in  the  lacteals,  during  the 
intervals  between  digestion,  is  not  perfectly  miderstood.  In 
part,  the  lymph  woirld  seem,  from  its  similarity  in  composition, 
to  be  derived  fi-oni  the  nutritive  plasma,  which  permeates  all 
the  living  tissues.  This  plasma,  itself  derived  from  the  liquor 
sanguinis,  consists  chiefly  of  that  part  of  the  nutrient  fluid 
poured  out  through  the  walls  of  the  capillaries,  which  is  not 
employed  for  the  nutrition  of  the  tissues.  The  surplus  of 
nutrient  materials,  together  with  sufficient  water,  is  supposed 
to  pass  into  the  lymphatics  in  the  form  of  lymph,  and  so  to  be 
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ultimately  returned  to  the  blood.  It  is  also  supposed  that  the 
tissues,  themselves  imdergoing  nutrient  changes,  yield  products 
Avhich  may,  in  part,  be  fitted  to  enter  the  commencing  lym- 
phatics ; but  these,  no  doubt,  chiefly  find  their  way  into  the 
capillaries  and  miniite  venules,  and  thus  entering  the  blood, 
are  subsequently  cast  olF  as  excretory  products.  Whatever 
be  its  source,  the  fluid  and  dissolved  constituents  of  the  lymph 
find  their  way  into  the  commencing  lymphatics,  through  the 
delicate  coats  of  these  vessels,  which  Ibnn  closed  tubes,  having 
no  open  mouths,  and  no  direct  communicatiou  with  the  capil- 
lary or  other  bloodvessels.  It  has,  however,  been  recently 
maintained,  that  the  commencing  lymphatics  communicate 
Avitlj,  or  originate  in,  lacunar  spaces,  situated  in  the  areolar 
tissue  which  pervades  the  Avhole  body,  and  that  they  com- 
mence in  fine  hollow  processes  in  the  ramified  nuclear  fibre 
cells  of  that  tissue,  which  are  also  supposed  to  be  hollow.  But 
these  views  have  not  been  confirmed. 

As  the  commencing  lymphatics  are  generally  mo.st  abun- 
dant in  tissues  in  which  the  nutritive  changes  are  not  very 
active,  and  least  abundant,  or  not  detected,  in  organs  which 
undergo  very  rapid  metamorphosis,  it  is  probable  that 
the  Avaste  products  of  nutrition  are  chiefly,  or,  in  the  case  of 
the  nervous  centres,  entirely,  returned  into  the  circulation, 
throitgh  the  capillaries  and  minute  veins.  It  is  probably  cor- 
rect to  infer  that  the  lymphatics  do  not  remove  Avasted  and 
excrementitious  materials,  unfit  for  the  further  use  of  the  sys- 
tem, as  Hunter  formerly  supposed,  but  rather  that  they  take 
up  matters  Avhich  maybe  again  employed  in  the  blood,  for  the 
purposes  of  nutrition.  The  fibrin  of  the  lymph,  AA'hich  en- 
ables that  fluid  to  form  a slight  coagulum,  though  not  in  the 
vessels,  as  occurs  Avith  the  blood,  and  also  the  lymph-cor- 
puscles, Avhich  so  closely  resemble  the  Avhite  corpuscles  of  the 
blood,  are  present  before  the  lymph  has  passed  the  lymphatic 
glands,  but  they  increase  in  quantity  beyond  those  glands.  The 
fibrin  may  be  partly  derived  from  that  portion  of  the  nutri- 
tive plasma  effused  through  the  Avails  of  the  capillaries,  Avhich 
is  absorbed  by  the  commencing  lymphatics ; its  gradual  in- 
crease in  quantity  in  the  larger  lymphatics  may  depend  on 
inspissation,  or  enrichment,  taking  place  within  the  glands, 
which  are  A'ery  vascular ; additional  fibrin  or  fibrinogen^  from 
Avhich  the  fibrin  is  formed,  may  even  be  elaborated  in  these 
glands.  The  lymph  corpuscles  may  also  be,  in  some  Avay,  more 
abundantly  developed  Avithin  the  glands,  Avhich  must,  more  or 
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less,  retard  the  rate  of  motion  of  the  lymph.  The  outer  areolar 
spaces  of  the  glands,  which  receive  the  lymph  as  it  enters, 
contain  numerous  corpuscles  and  granules,  some  of  which  are 
probably  added  to  the  moving  stream  of  lymph.  But  such 
corpuscles  are  undoubtedly  formed,  though  in  smaller  number, 
independently  of  the  glands ; for  they  may  be  detected  in 
both  the  lymphatic  and  lacteal  vessels,  before  these  have 
passed  through  glands  ; also  in  the  lymphatic  vessels  of  the 
hind  limbs  of  birds,  on  which  no  lymphatic  glands  are  found  ; 
and  likewise,  in. the  lymph  of  Eeptiles,  Amphibia,  and  Fishes, 
although  in  these  animals  no  lymphatic  glands  exist  at  all,  but 
only  comjjlex  or  simple  lymphatic  plexuses.  The  destination 
of  the  lymph  corpuscles  is  the  blood  ; they  probably  consti- 
tute in  . the  Vertebrata,  after  birth,  the  chief,  if  not  the  only 
source  of  the  white  corpuscles  of  the  blood,  as  wdl  again  be 
mentioned  in  the  Section  on  Sanguification. 


Also7'ption  of  the  Food. 

The  absorption  of  the  digested  food  is  only  a special  ex- 
ample of  the  general  absorptive  function.  It  has  been  main- 
tained by  some,  that  the  nutritive  constituents  of  the  food,  are 
absorbed  from  the  alimentary  canal  by  the  lacteals  only ; by 
others,  that  this  absorption  is  accomplished  by  the  minute  blood- 
vessels alone ; but  both  sets  of  vessels  are  concerned  in  this 
function,  each  apparently  perfonning  special  offices. 

That  the  bloodvessels  of  the  alimentary  canal  absorb,  has 
been  thus  proved.  Strychnine  has  been  introduced,  in  a 
living  animal,  into  a portion  of  intestine,  included  between 
two  ligatures,  and  separated  from  the  mesentery,  excepting  by 
its  arteries  and  veins ; so  long  as  the  circulation  through  the 
intestine  is  arrested  by  compression  of  the  bloodvessels,  no 
symptoms  of  poisoning  occur,  but  when  the  blood  is  allowed 
to  flow  through  the  vessels,  the  animal  is  speedily  poisoned, 
hloreover,  certain  alimentary  substances,  such  as  albuminose, 
dextrin,  sugar,  and  lactic  acid,  have  been  found  in  the 
blood  of  the  mesenteric  veins ; many  chemical  substances, 
especially  metallic  salts,  and  those  which  easily  penetrate 
animal  membranes,  as  e.g.  the  ferro-cyauide  of  pota.ssium,  when 
taken  with  the  food,  have  been  detected  in  the  venous  blood, 
and  even  in  the  secretions ; so  also  odorous  substances,  such  as 
musk,  camphor  and  garlic,  alcohol,  and  soluble  colouring  mat- 
ters, as  e.g.  cochineal  and  madder,  taken  into  the  stomach. 
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have  been  found  in  the  blood.  Even  insoluble  substances, 
such  as  charcoal,  sulphur,  and,  it  is  said,  starch,  taken  inter- 
nally, in  a state  of  minute  subdivision,  have  been  detected  in 
the  mesenteric  veins. 

The  entrance  of  nutrient  and  other  matters  from  the  intes- 
tinal canal  into  the  lacteals,  is  proved  by  the  distension  of 
those  vessels  with  white  ch}’le,  dining  digestion,  especially 
after  ligature  of  the  thoracic  duct.  The  chemical  composition  of 
the  chyle  (vol.  i.  p.  92 ),  shows  that,  besides  absorbing  the  water 
of  the  food,  the  lacteals  take  up  small  quantities  of  saline  sub- 
stances and  extractives,  a certain  quantity  of  the  albuminose 
products  of  digestion,  and,  in  particular,  a very  large  amount 
of  fatty  matter.  With  regard  to  non-nutrient  substances, 
however,  the  absorptive  power  of  the  lacteals,  is  much  more 
limited  than  that  of  the  veins.  First,  with  regard  to  poisons  : 
in  experiments,  tlie  opposite  of  that  just  recorded,  the  arteries 
and  veins  of  a piece  of  intestine,  isolated  by  two  ligatures, 
have  been  tied,  whilst  the  rest  of  the  mesentery,  containing 
the  lacteal  vessels,  has  been  left  untouched  ; poison  then  in- 
troduced into  the  intestine,  is  not  absorbed,  so  as  to  destroy 
the  animal,  until,  by  loosening  the  threads  on  the  bloodvessels, 
blood  is  again  allowed  to  flow  through  them.  (Magendie  and 
Segalas.)  To  such  experiments  it  has  been  objected,  that 
tying  the  bloodvessels  suspends  the  functions  of  the  lacteals, 
which  may  lose  their  absorbing  power,  when  the  capillary 
circulation  around  them  is  stopped.  The  experiment  has, 
therefore,  been  varied,  so  as  to  permit  the  local  circulation  to 
continue  ; thus,  the  vein  from  the  part  of  the  intestine  into 
which  the  poison  is  introduced,  is  first  compressed,  and  then 
opened  below  the  point  of  compression,  so  that  the  blood 
returning  along  it,  escapes,  and  does  not  enter  the  general  cir- 
culation, although  the  local  circulation  in  the  intestine  still 
goes  on.  Under  these  conditions,  no  poisoning  takes  place, 
but  this  speedily  happens  when  the  pressure  on  the  vein  is 
removed,  and  the  blood  returning  by  it,  enters  the  general 
circulation.  Nevertheless,  poisons  are  slightly  and  slowly 
absorbable  by  the  lacteals,  e.sjiecially  poisonous  salts  in  a state 
of  solution.  The  lacteals  also  absorb  innocuous  saline  matters, 
sugar,  and  extractive  matters,  but  not  so  easily  as  the  veins ; 
neither  do  they  so  readily  take  up  odorous  substances  ; with 
regard  to  soluble  colouring  matters,  turmeric  is  taken  up 
by  them,  whilst  other  dissolved  colouring  substances,  such  as 
madder-lake,  indigo,  gamboge,  and  rhubarb,  are  said  not  to 
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be  absorbed.  (Tiedemann  and  Gmelin.)  Substances  in  a state 
of  extremely  minute  subdivision,  such  as  charcoal,  .sulphur, 
and  even  particles  of  indigo,  have  also  been  found  in  the  lacteal 
vessels,  as  well  as  in  the  bloodvessels,  having  probably  pene- 
trated into  those  vessels  in  the  villi. 

From  the  preceding  facts,  it  would  seem  that  the  absorbing 
power  of  the  veins  is  general,  whilst  that  of  the  lacteals  is 
select.  The  veins  permit  the  entrance  into  them  indifferentlv, 
of  probably  all  kinds  of  soluble  sub.stances,  which  do  not 
actually  alter  or  destroy  the  texture  of  their  coats,  but  the 
lacteals  have  a sort  of  selective  power,  by  which  they  take 
up  certain  substances  in  preference  to  others,  nearly,  or  com- 
pletely, rejecting  some.  Both  kinds  of  vessels,  but  especially 
the  lacteals,  appear  to  allow,  in  some  wav  or  other,  the 
entrance  into  them  of  exceedingly  minute  particles  of  insoluble 
substances,  not  by  a process  of  dialysis,  but  by  porous  diffu- 
sion, the  2^ores  being,  however,  invisible  in  tlie  walls  of  the 
capillaries  or  lacteals,  though  specially  discernible,  according 
to  some,  in  tlie  epithelial  cells  upon  the  viOi.  The  dwect 
penetration  of  the  walls  of  the  capillaries  and  lacteals,  has  been 
compared  'with  that  of  a needle  entering  a larger  vessel.  A 
certain  hardness  of  the  penetrating  particles  is  necessary',  for 
lamp-black,  which  is  finer  and  softer  than  charcoal,  does  not 
enter  the  vessels.  Penetration  of  the  soft  tissues,  by  minute 
bodies,  without  serious  injury  to  the  former,  is  illustrated  by 
the  wandering  movements  of  the  smaller  Entozoa,  through  and 
amongst  the  living  tissues. 

By  far  the  larger  quantity  of  the  water  of  the  food  and  drink, 
and  of  the  saliva  and  gastric  juice,  is  taken  up  by  the  veins. 
This  process  begins  immediately,  and  goes  on  rapidly,  in  the 
stomach ; it  regulates  the  consistence  of  the  gastric  contents,  and 
the  strength  and  acidity  of  the  gastric  juice ; more  water,  in- 
cluding some  of  that  belonging  to  the  biliary,  pancreatic,  and 
intestinal  secretions,  is  taken  tip  by  the  veins  of  the  intestines  ; 
but  much  is  here  absorbed  by  the  lacteals,  to  form  the  fluid  part 
of  the  chyle.  The  saline  constituents  of  the  food  are  absorbed 
directl}^  in  chief  part,  by  the  veins,  these  substances,  such  as 
chloride  of  sodium  and  phosphate  of  soda,  requiring,  like 
water,  no  digestion ; minute  traces  of  them,  however,  also 
enter  the  lacteals.  Sugar  and  extractive  matters  likewise 
enter  chiefly  by  the  veins,  and  but  slightly  through  the  lac- 
teals. The  organic  acids,  and  their  salts,  are  converted  into 
carbonates,  and  undergo  venous  absorption.  Alcohol  also 
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passes  in  chiefly,  if  not  entirely,  by  the  veins,  and  so  likewise 
do  the  ethereal,  odorous,  sapid,  and  colouring  matters  of  the 
food,  and  probably  also  most  medicinal  and  poisonous  sub- 
stances. Venous  absorption  even  begins  in  the  mouth,  as  may 
be  inferred  from  the  occurrence  of  taste ; but  it  is  much  more 
active  in  the  stomach  and  intestines.  Soluble  albuminoid 
substances,  if  not  converted  into  albitminose,  may  be  absorbed 
directly  by  the  veins  of  the  stomach  and  small  intestine,  and 
certainly  by  those  of  the  large  intestine,  as  is  exemplified  in  the 
restorative  effects  of  nutrient  enemas.  The  soluble  albuminose, 
the  product  of  digested  albuminoid  bodies,  must  also  be  in 
part  absorbed  by  the  veins ; for  the  quantity  of  albumen  taken 
up  into  the  chyle,  is  scarcely  equal  to  that  contained  in  the  food. 
The  gelatin-peptone  probably  enters  the  veins.  Lastly,  fatty 
matters  have  not  been  directly  proved  to  be  taken  up  by  the 
veins,  though,  if  in  a saponified  condition,  they  may  be  so,  and 
the  capillary  network  has  been  seen  to  assume  a turbid  ap- 
pearance, as  if  containing  fat.  (Brlicke.)  Besides  this,  in  cases 
of  disease,  not  only  the  colouring  substances,  but  the  fatty 
matters  of  the  bile,  enter  the  circulation  through  the  venous 
system.  The  chief  channels  of  entrance  of  the  fatty  matters 
emulsified  during  the  process  of  digestion,  are,  however,  the 
lacteal  vessels,  as  is  proved  by  the  large  proportion  of  fat  in 
the  chyle. 

The  veins,  thus,  absorb  most  of  the  water,  and  of  the  saline, 
saccharine,  extractive,  acid,  alcoholic,  odorous,  sapid,  and  colour- 
ing substances,  together  with  some  albumen  or  albuminose, 
probably  the  gelatin  peptone,  and  possibly  saponified  fatty 
matters.  On  the  other  hand,  the  lacteals  absorb  the  rest  of  the 
water,  small  quantities  of  the  sahne,  saccharine,  and  extrac- 
tive substances,  a considerable  proportion  of  the  albuminose 
bodies,  and  nearly  all  the  fat.  In  the  intervals  between  the 
absorption  of  food,  the  lacteals  of  the  small  intestine,  like  the 
lymphatics  of  other  parts  of  the  body,  contain  only  a transpa- 
rent lymph,  and  then  perform,  for  the  ti.^sues  of  the  intestine, 
the  office  of  the  lymphatics  generally.  The  same  is  true,  at  all 
times,  of  the  lymphatics  of  the  stomach  and  of  the  large  intes- 
tine, which  never  contain  chyle,  but  always  lymph. 

It  may  be  presumed,  that  the  absorption  which  takes  place 
from  the  stomach,  is  chiefly  performed  by  means  of  the  blood- 
vessels, because  the  gastric  mucoirs  membrane  is  destitute  of 
villi,  and,  therefore,  of  proper  lacteal  vessels ; nevertheless, 
nutrient  and  other  substances,  prevented  from  entering  the 

VOL.  II.  N 


178 


SPECIAL  PHYSIOLOGY. 


intestine,  by  ligature  of  the  pylorus,  have  been  shown  to  be 
absorbed  by  the  gastric  lymphatics.  The  process  by  which 
certain  parts  of  the  food  are  absorbed  by  the  bloodvessels  of  the 
alimentary  canal,  must  be  identical  with  that  of  the  general 
absorption  of  soluble  substances  from  other  vascular  surfaces, 
or  tissues,  of  the  body.  Like  the  latter,  it  partakes  of  the 
nature  of  the  physical  processes  of  liquid  diffusion  and 
dialysis.  Water,  and  substances  dissolved  in  it,  such  as 
soluble  salts,  sugar,  extractive  matters,  and  soluble  albumen 
or  albuminose,  permeate  the  epithelial  and  sribjacent  layers  of 
the  mucous  membrane,  and  also  the  thin  coats  of  the  capillaries 
and  smallest  venirles,  not  merely  of  the  villi,  but  of  the  general 
surface  of  the  intestinal  canal,  in  the  same  manner,  pro- 
bably, as  a similar  solution  would  pass  through  moist  dead 
animal  membranes.  The  temperature  of  the  interior  of  the 
body,  greatly  favoirrs  the  osmotic  process.  The  ])enetration 
of  the  water  with  its  dissolved  contents,  is  a dialytic  pheno- 
menon ; and  by  a similar  action,  the  entrance  of  certain  sub- 
stances is  probably  permitted  more  readily  than  that  of  others, 
the  crystalloid  substances,  such  as  the  salts  and  sugar,  with 
the  creatin  and  creatinin  of  the  extractive  matters,  and  also 
the  albuminose  and  gelatin  peptones,  entering  more  readily 
than  the  colloid  substances,  such  as  dissolved  starch,  mucilage, 
albumen,  gelatin,  and  the  non-crysLallisable  extractive  matters. 
But  dissolved  colloidal  starch  is  converted  by  the  salivin.  into 
the  crystalloid  sugar ; and  albumen  and  gelatin,  when  di- 
gested by  the  acid  pepsin,  are  changed  into  albuminose  and 
gelatin  peptones,  which,  though  not  true  crystalloids,  are  much 
more  dialysable  than  the  albuminoid  and  gelatinoid  substances 
contained  in  our  food.  The  molecular  metastases,  or  changes 
in  question,  may  be  in  some  way  connected  with  a process  of 
hydration.  It  has  also  been  suggested  that  a colloid  body  may 
be  formed  by  groups  of  crystalloids,  and  so  its  temporary 
metastasis  from  one  condition  to  another,  may  be  explained. 
It  is  possible  also  that  there  may  be  special  reactions  between 
alimentary  substances  and  the  living  nurcous  membrane  and 
walls  of  the  vessels,  favouring  or  resisting  the  passage  of  some 
or  other  of  those  substances.  But  this  is  uncertain ; and 
the  act  of  absorption  by  the  bloodvessels,  is  so  easy,  rapid, 
and  general,  in  the  case  of  non-nutrient,  and  even  of  many 
poisonous  substances,  that  their  walls  can  possess  btrt  little  if 
any  power  of  selection  or  exclusion.  Fatty  matters,  however, 
unless  in  a state  of  saponification,  do  not  readily,  or  at  all. 
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enter  the  bloodvessels.  Experiment  has  shown  that  even 
when  finely  divided,  as  they  exist,  for  example,  in  the  yolk  of 
the  egg,  and  in  milk,  they  may  be  made,  under  moderate 
pressure,  to  permeate  moist  membranes  (Heidenhain) ; and 
further,  that  the  natural  repugnance  between  oil  and  wetted 
membranes,  is  much  overcome,  if  these  latter  are  saturated  in 
alkaline  solutions  or  in  bile.  (Wistinghausen.)  A temperature 
of  10u°,  or  that  of  the  interior  of  the  body,  facilitates  this 
permeation  of  fat.  Though  acids  generally,  and  especially 
the  hydrochloric  acid,  which  exists  in  gastric  juice,  are  rapid 
dialysers,  and  so  penetrate  very  quickly  the  colloidal  albumi- 
noids of  the  food,  which  they  help  to  dissolve,  yet  acidity 
appears  to  be  opposed  to  the  absorption  irot  only  of  fat,  but  of 
actually  dissolved  substances ; whilst,  a neutral  or  alkaline  con- 
dition favours  their  absorption.  In  certain  cases,  esjDecially  in 
regard  to  organic  substances  of  an  extraneous,  medicinal  or 
poisonous,  character,  it  appears  that  the  digestive  fluids  not 
only  dissolve,  but  also  alter,  the  properties  of  substances  taken 
into  the  stomach.  Thus,  there  are  two  substances  found  to- 
gether in  the  bitter  almond,  named  amygdalin  and  emulsin,  the 
former  of  which  is  decomposed  by  a catalytic  action  of  the 
latter,  and  gives  rise  to  the  formation  of  prussic  acid.  Now, 
it  has  been  found  by  Bernard,  that  amygdalin,  introduced  by 
itself  into  the  stomach  of  any  animal,  is  digested,  dissolved, 
and  absorbed,  without  giving  rise  to  poisonous  symptoms. 
Again,  emulsin  alone  taken  into  the  stomach,  produces  no  ill 
effects.  If,  however,  after  the  absorption  of  the  dissolved 
amygdalin  from  the  stomach,  emulsin  be  directly  injected  into 
a vein,  death  speedily  ensues,  from  the  formation  of  prussic  acid 
in  the  blood  or  tissues,  by  the  decomposition  of  the  dissolved 
amygdalin  under  the  influence  of  the  emulsin,  thus  intro- 
duced into  the  circulation,  and  brought  into  relation  with  it. 
But  on  the  other  hand,  if  the  emulsin  be  introduced  into  the 
stomach,  and  the  amygdalin  be  injected  into  the  bloodvessels, 
poisoning  does  not  ensue,  showing  either  that  the  emulsin  is 
not  absorbed  from  the  alimentary  canal,  or  that  its  properties 
are  destroyed.  The  latter  is,  probably,  the  case,  for  emulsin 
is  easily  soluble,  and  when  it  and  the  amygdalin  are  intro- 
duced together  into  a vein,  or  even  into  distant  parts  of  the 
circulation,  their  meeting  in  the  blood  is  immediately  followed 
by  the  characteristic  decomposition  of  the  one  under  the 
influence  of  the  other,  prussic  acid  being  evolved,  and  the 
animal  being  killed. 
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After  the  absorbed  materials  have  entered  through  the 
capillary  walls,  their  onward  progress  depends  upon  the  forces 
concerned  in  the  circulation  of  the  blood. 

The  process  of  absorption  by  the  lacteals,  is  of  a more 
special  nature  than  that  by  the  bloodvessels ; for  thcrngh  they 
admit  the  entrance,  probably  by  simple  dialysis,  of  water, 
with  traces  of  saline,  saccharine,  and  extractive  substances, 
tliat  is,  of  the  crystalloid  bodies,  and  also  take  up  in  certain 
proportion,  the  dialysable  albuminose,  yet  they  are  specially 
characterised  by  absorbing  fatty  matters,  which,  though 
crystalloid,  are  insoluble  in  water,  and  non-dialysable,  imless 
they  are  actually  saponified.  In  the  alimentar}’  canal,  how- 
ever, they  are  merely  liquefied,  or  emulsified,  i.e.  reduced  to  a 
state  of  extreme  molecirlar  subdivision,  or  they  are  decom- 
posed into  their  fatty  acids  and  glycerin.  The  special  power 
of  the  lacteals,  of  absorbing  fatty  matters,  has  not  yet  been 
fully  explained.  Some  have  supposed  that  the  fats  pass 
through  the  epithelial  substance  of  the  villi,  into  the  lacteals, 
in  a state  of  saponification  and  solution,  and  then  reappeiir  as 
neutral  fats  in  the  chyle.  The  action  of  the  bile  and  of  the 
alkaline  pancreatic  and  intestinal  juices,  as  already  explained, 
undoubtedly  prepares  the  fatty  matters  for  more  eas)"  pene- 
tration into  the  lacteals.  The  epithelial  cells  of  the  ^'illi.  winch 
are  often  foimd  distended  with  drops  of  fat  during  the  digestive 
process,  are  probably  specially  concerned  in  the  absorption  of 
fat  by  the  lacteals.  It  has  been  sirpposed  that  these  cells 
feed, as  it  Avere,  upon  the  fatty  matters  contained  in  the  intestine, 
and,  having  become  distended,  discharge  their  fatty  contents 
into  the  commencing  lacteals.  A nutritive  process  is  imagined 
to  take  place,  similar  to  that  Avhich  occurs  in  the  epithelial 
cells  lining  the  commencing  ducts  of  the  secreting  glands, 
but  in  a reverse  direction  ; that  is  to  sjiy,  not  by  the  assimi- 
lation of  materials  from  the  blood  into  these  secreting  cells, 
to  be  discharged  at  the  surfiice.  but  by  tire  assimilation  of 
materials  from  the  surface  inwards,  to  be  discharged  into  the 
lacteals.  This  fatty  matter  must  enter  the  epithelial  cells 
covering  the  \dlh,  in  the  form  of  exceedingly  minute  molecules, 
by  porous  diffusion  or  transmission  ; and  the  fine  A'ertical  lines 
or  streaks,  noticed  by  certain  observers  in  these  cells  (p.  158), 
are  supposed,  by  some  to  be  minute  pores  or  channels,  through 
Avhich  the  highly  subdivided  fatty  matters,  or  even  fine  solid 
particles  of  charcoal,  enter  the  interior  of  the  cells,  and  so 
proceed  into  the  lacteals.  How  the  fat  particles  pass  from  the 
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cells  into  tlie  commencing  lacteals,  is  not  known.  By  some  it 
is  said  that  the  inner  pointed  ends  of  the  epithelial  cells, 
terminate  in  caudate  areolar  tissue  cells,  which,  in  their  turn, 
communicate  with  the  lacteals.  But  this  is  more  than  doubt- 
ful ; and  the  actual  transmission  is  probably  by  porous  dif- 
fusion, through  true  but  invisible  pores. 

The  onward  motion  of  the  chyle,  from  the  commencing 
lacteals  in  the  villi,  into  and  through  the  larger  absorbent 
vessels  on  the  walls  of  the  intestine,  and  along  the  mesentery, 
to  the  thoracic  duct,  depends  on  several  agencies.  First,  the 
chief  cause  is  probably  the  vis  a tergo,  or  force  from  heJiind^ 
originating  in  the  continuous  nature  of  the  absorptive  process 
at  the  commencement  of  the  lacteals.  The  existence  of  this 
force,  is  proved  by  the  distension  of  the  whole  system  of 
vessels,  including  the  thoracic  duct,  even  to  the  occurrence 
of  rupture,  when  that  duct  is  tied  in  an  animal  a short  time 
after  it  has  been  fed.  This  pressure  from  behind,  produces  a 
motion  of  the  fluid  in  the  larger  absorbents,  just  as  the  con- 
tinuous absorption  of  fluid  by  the  spongioles  at  the  extremities 
of  the  roots  of  trees,  causes  the  rising  of  the  sap.  Even  in 
simple  dialysis,  in  purely  physical  experiments,  as  with  the 
endosmometer  of  Dutrochet,  there  is  an  ascending  motion  of  the 
fluid  in  the  graduated  tube,  due  to  the  energy  at  work  in  the 
moist  membrane.  Secondly,  the  contraction  of  the  non-striated 
muscular  fibres  of  the  villi,  which,  when  stimulated  by  galva- 
nism, in  living  animals,  have  been  observed  to  shorten  those 
processes,  must  compress  the  central  lacteal  of  each  villus,  and 
so  urge  on  its  contents  into  the  general  network  of  absorbents. 
The  bile  may  help  to  excite  this  muscular  act.  Thirdly,  the 
contraction  of  the  scattered  muscitlar  fibres  in  the  submucous 
coat,  and  also  the  peristaltic  movements  of  the  proper  muscular 
coat  of  the  intestine,  likewise  excited  by  the  food  and  by  the 
bile,  will  serve  to  empty  the  intestinal  lacteals  into  those  of 
the  mesentery.  Fourthly,  the  lacteals  and  the  lymphatics,  as 
well  as  the  thoracic  duct,  have  muscular  fibres  in  their  coats, 
the  contraction  of  which  moves  onwards  their  contents,  and 
also  empties  them  on  their  being  exposed  to  the  air,  in  animals 
recently  fed ; this  explains  the  collapsed  state  of  these  vessels 
after  death.  There  are  also  muscular  fibres  in  the  inter- 
alveolar septa  of  the  lymphatic  glands.  Fifthly,  the  semilunar 
valves  found  in  pairs  in  the  interior  of  the  larger  lacteals, 
both  in  the  walls  of  the  intestine  and  in  the  mesentery,  must 
determine  the  movement  of  the  contained  chyle,  always  in  the 
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same  direction,  by  whatever  force  such  movement  may  be 
induced.  In  this  way,  even  the  pressure  of  the  abdominal 
walls  and  viscera,  must  assist  the  onward  flow  of  the  chyle.  Its 
direction  necessarily  coincides  with  that  of  the  free  margins  of 
the  valves,  viz.,  towards  the  thoracic  duct,  all  retrogression  of 
the  chyle  in  the  direction  of  the  intestine,  being  effectually 
prevented.  Lastly,  the  quick  motion  of  the  blood  in  the  great 
veins  at  the  root  of  the  neck,  into  which  the  thoracic  duct 
opens,  and  the  effects  of  inspiration,  are  also  causes  of  a cer- 
tain vis  a fronte,  ov  force  from  hefoi'e,  which  draws  the  lymph 
or  chyle  from  that  duct  into  the  veins.  The  descent  of  the 
diaphragm  in  inspiration,  acts  not  only  by  removing  pressure 
from  the  great  veins  in  the  thorax,  but  also  by  increasing  the 
pressure  on  the  abdominal  lymphatics  and  the  lower  end  of  the 
thoracic  duct. 

The  quantity  of  mixed  lymph  and  chyle  poured  into  the 
blood  in  twenty-four  hours,  has  been  estimated,  fi-om  experi- 
ments in  animals,  to  be,  in  an  adult  man,  nearly  29  lbs.,  of 
which  the  smaller  proportion  is  chyle,  the  rest  being  lymph. 
(Bidder  and  Schmidt.)  It  has  been  ingeniously  suggested  by 
Vierordt,  that,  if  the  absorption  of  fat  be  supposed  to  take 
place  exclusively  by  the  lacteals,  and  the  composition  of  the 
chyle  be  assumed  to  be  uniform,  the  daily  quantity  of  chyle 
may  be  calculated  from  the  daily  quantity  of  fat  taken  in  the 
food.  Thus,  the  quantity  of  fat  consumed  in  the  day,  being 
taken  to  be  3 oz.,  and  the  chyle,  to  contain  three  per  cent,  of 
fatty  matters,  the  quantity  of  this  fluid  formed  daily  wmuld  be 
about  100  oz.  or  6;^  lbs.  The  chyle  is  a highly  nutrient  fltiid. 
It  adds  not  only  fatty  matter,  but,  like  the  lymph,  a certain 
amoimt  of  fibrin  or  fibrinogen,  albumen,  extractives,  and  salts, 
and  also  a number  of  granules  and  proper  corpuscles,  to  the  blood. 
The  gradual  entrance  of  these  into  the  blood,  is  of  some  im- 
portance in  the  maintenance  of  the  proper  composition  of  that 
fluid,  and,  accordingly,  nutrient  substances  are  absorbed  rather 
more  slowly  than  those  which  are  not  nutrient.  The  more 
concentrated  the  prodircts  of  digestion,  however,  the  more 
rapid  is  their  absorption ; at  least  this  is  true  of  sugar  and 
albuminose.  (Becker,  Frmke.) 


Intrinsic  Absorption. 

The  special  process,  by  'which  the  fluid  or  solid  parts  of  the 
living  body,  are  iuterstitially  removed,  the  so-called  intrinsic 
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absorption,  is  usually  described  with  the  simpler  phenomenon 
of  general  absorption.  But  it  is  a different  and  more  complex 
process,  implying  a previous  liquefaction,  or  fine  disintegration, 
of  the  solid  particles  of  the  absorbed  tissues,  before  these  can 
enter  the  Ijmiphatics  or  bloodvessels  concerned  in  their 
removal.  It  is  in  part,  therefore,  a nutritive  or  demitritive 
process. 

Intrinsic  absorption  is  sometimes  simply  interstitial,  accom- 
plishing the  removal  of  tissues,  molecule  by  molecule,  without 
any  solution  of  continuity,  or  breach  of  substance,  in  them, 
the  part  affected  becoming  merely  smaller,  and  not  necessarily 
undergoing  any  special  change  of  form.  During  simple  in- 
terstitial absorption,  nutritive  changes,  involving  the  deposi- 
tion of  fresh  material,  must  stiU  go  on,  but  the  process  of  ab- 
sorption is  relatively  more  active  than  that  of  the  deposition  of 
new  matter.  This  kind  of  interstitial  absorption  is  illustrated 
in  the  luasting  which  takes  place  as  the  result  of  hunger  or 
starvation,  and  also  in  the  disease  known  as  atrophy. 

Another  form  of  intrinsic  absorption,  known  as  progressive 
absorption,  involves  more  or  less  solution  of  continuity,  or 
breach  of  substance.  It  is  often  apparently  caused  by  pressure 
interfering  Avith  the  nutrition  of  a part ; it  is  exemplified  in 
certain  morbid  processes,  as  when  an  aneurismal,  or  other  deep- 
seated  tumour,  in  approaching  the  srrrface,  induces  absorption 
of  the  interposed  structures,  even  the  bones  being  absorbed 
under  the  effects  of  constant  pressure.  Abscesses  also  tend  to 
the  surface  of  the  body  or  of  internal  mucous  cavities,  by  a 
similar  progressive  absorption.  Another  form  of  this  process 
is  named  disjunctive  absorption ; in  this,  the  living  part  of  a 
tissue,  in  immediate  connection  with  a dead  portion,  is  re- 
moved by  absorption,  and  so  the  dead  part  is  detached ; such 
a process  occurs  in  the  separation  of  a slough  from  a soft 
tissue,  or  of  a necrosed  or  dead  portion  of  a bone,  from  a livins 
part,  and  also  in  the  throtving  off  of  a portion  of  the  entfre 
limb,  as  in  the  case  of  gangrene  of  the  foot. 

Certain  tissues  also  undergo  intrinsic  absorption  much  more 
readily  than  others.  Bone,  one  of  the  hardest  tissues  in  the 
body,  is  very  readily  absorbed  ; its  numerous  Haversian  canals, 
and  cancelli,  and  even  its  general  medullary  cavities,  are  chan- 
nels or  spaces  produced,  dmdng  its  grotrth,  by  an  absorptive 
excavation  of  .a  previously  sohd  osseous  tissue ; such  changes 
occur  in  it,  even  when  it  is  fully  developed ; and,  as  just  now 
stated,  it  is  very  easily  absorbed  under  abnormal  pressure. 
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The  fangs  of  the  temporary  or  milk  teeth,  which  are  composed 
of  dentine,  a substance  more  compact  than  bone  itself,  under- 
go progressive  absorption  under  the  influence  of  pressure  from 
the  summits  of  the  rising  permanent  teeth,  and,  in  this  way, 
are  loosened,  and  finally  drop  away  from  the  gum.  Cartilage 
is  less  easily  absorbed  than  bone,  but,  nevertheless,  it  does 
yield  to  that  process.  The  fascia;,  areolar  tissue,  skin,  and 
mucous  membranes,  also  give  way  under  the  progressive 
absorption  caused  by  abscesses  which  are  advancing  to  the 
surface ; the  epidermis  and  epithelium,  however,  burst  me- 
chanically. Vascularity  is  necessary  for  the  occurrence  of 
true  intrinsic  or  progressive  absorption.  Cartilage  is  probably 
absorbed  by  closely  adjacent  vessels.  All  vascular  organs  and 
tissues  are  liable  to  progressive  absorption  under  pressure, 
and  all  may  undergo  \vaste  or  atrophy. 

In  the  progress  of  development,  in  Man  and  animals,  many 
instances  occur  of  the  disappearance  of  parts  not  permanently 
needed,  such  as  the  temporary  gills  of  the  higher  Amphibia, 
the  tails  of  the  tadpoles  of  the  anourous  species,  and  also  cer- 
tain large  bloodvessels  which  are  no  longer  required  in  more 
advanced  conditions  of  development.  The  removal  of  the 
membrane  which  closes  the  pupil  of  the  e3'e,  when  it  is  no  longer 
needed  for  the  vascular  supply  of  the  lens,  is  another  instance 
of  intrinsic  absorption  ; so  also  are  the  many  changes  which 
take  place  in  the  jaws,  during  the  formation  of  the  sockets  for 
the  teeth,  and  their  filling  ixp  when  these  are  lost.  Sometimes 
an  entire  organ  of  complex  structure,  with  its  proper  paren- 
chyma, bloodvessels,  lymphatics,  and  nerves,  becomes  atro- 
])hied  by  interstitial  absorption.  Thus,  the  thymus  bodj-, 
a ductless  gland,  which  exists  in  the  fore  part  of  the 
neck  and  thorax,  in  the  young  of  Jlan,  and  the  ilammalia 
geueralljq  disappears  as  life  advances.  In  the  human  body, 
the  thymus  exists  only  as  a mere  vestige,  after  the  age  of 
twelve  j'ears. 

By  the  process  of  resorption,  blood,  hmiph,  dropsical  effu- 
sions, pus,  and  other  fluids  are  easily  taken  up  from  the  areolar 
tissue  in  which  they  are  extravasated  or  effused.  From  the 
serous  cavities,  and  especially  from  the  joints,  they  are  less 
easily  resorbed.  It  is  probable  that  the  solid  albuminoid  con- 
stituents of  such  effused  products,  undergo  a chemical  change 
of  degeneration,  becoming  converted  into  fattv  matter,  and 
some  nitrogenous,  jrerhajts  ammouiacal,  compound,  both  of 
which  are  absorbable.  It  has  been  found  that  a piece  of 
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muscle  introduced  into  the  cavity  of  the  peritoneum,  first  loses 
its  water,  and  then  gradually  undergoes  a fatty  change. 

AVhen  inflammation  reaches  a certain  height,  besides  the 
exudation  of  plastic  matter  from  the  bloodvessels,  and  the 
formation  of  cells,  which  may  end  in  the  production  of  pus,  or 
of  new-formed  tissue,  the  nutrition  of  the  pre-existing  tissue 
itself  may  suffer,  and  it  may  become  slowly  disintegrated,  or 
undergo  molecular  death.  It  then  falls  away  imperceptibly, 
and  a chasm  is  left,  called  an  idcer^  the  process  itself  being 
named  ulcei'ation.  Both  the  vascular  and  non-vascular  tissues 
are  liable  to  become  ulcerated.  It  was  once  supposed  that 
the  formation  of  an  ulcer,  or  the  ulcerative  process,  began  and 
continued  by  the  interstitial  absorption  of  an  inflamed  tissue, 
this  form  of  absorption  being  named  ulcerative  absorption ; 
but  although  a true  absorptive  process  may  occur  in  some 
forms  of  ulcer,  there  is  little  doubt  that,  generally  speaking, 
the  erosion  of  a living  tissue,  known  as  ulceration,  is  due  to 
the  molecular  death  and  melting  away  of  the  tissues.  Ulcers 
always  occur  on  surfaces,  whether  in  vascular  parts,  such  as 
the  skin,  mttcous  membranes,  and  bones,  or  in  non-vascular 
parts,  such  as  the  cornea  and  the  articular  cartilages. 

There  is  reason  to  believe  that  both  the  b/mphatics  and  the 
bloodvessels  are  concerned  in  the  various  forms  of  intrinsic 
absorption  or  resorption.  The  agency  of  the  lymphatics  is 
rather  inferred  from  analogy,  than  demonstrated  by  facts.  It 
is  impossible  to  doubt  that  the  bloodvessels  are  also  concerned 
in  it,  for  the  phenomena  may  take  place  in  parts  in  which 
lymphatics  are  not  believed  to  exist,  as,  for  example,  in  the 
brain  ; but  the  process  is  here  undoubtedly  much  slower. 

Intrinsic  absorption  is  favoured  by  continued  moderate 
pressure,  as  by  the  use  of  surgical  bandages,  which,  however, 
may  also  act  by  restraining  the  supply  of  blood  and  the  nutri- 
tion of  a part.  It  is  also  favoured  by  an  elevated  position,  by 
friction,  and  by  stimulating  applications.  It  serves  important 
uses  in  the  economy,  enabling  the  w'hole  system  to  be  main- 
tained, for  a time,  upon  itself,  and,  by  the  absorption  of  fatty 
matter  stored  up  in  the  adipose  tissues,  supporting  the  respira- 
tory function,  even  in  the  absence  of  food.  In  the  removal 
and  casting  out  of  diseased  products,  or  dead  parts,  it  also 
exercises  a useful  and  conservative  office. 

In  conclusion,  it  may  be  repeated  that,  in  addition  to 
these  important  uses,  the  function  of  absorption  generally, 
ministers  to  the  nutritive  function,  by  the  conveyance  into 
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the  circulating  system,  not  only  of  the  materials  of  the  food,  but 
also  of  the  residual  part  of  the  plasma  of  the  blood,  not  imme- 
diately emjjloyed  in  the  nutrition  of  the  tissues  amongst  -which 
it  is  poured  out ; and,  lastly,  that  it  assists  in  the  elaboration 
of  those  essential  organised  elements  of  the  blood,  its  white 
and  its  red  corpuscles. 

The  Ahsorhent  System,  and  Absorption  in  Animals. 

A lymphatic  and  lacteal  apparatus  exists  only  in  the  Vertebrate  Sub- 
kingdom. In  all  cases,  the  finest  vessels  commence  by  blind  extremities, 
and  the  absorbent  trunks  empty  themselves  ultimately  into  the  veins, 
forming,  as  it  -svere,  a closed  s^'stem  superadded  to,  or  constituting  an 
offset  from,  the  blood  system,  vith  which,  in  the  lower  Vertebrata,  it 
communicates  at  a great  number  of  points,  not  only  in  the  neck,  but  also 
in  the  abdomen  and  pelvis. 

In  Mammalia  generally,  as  in  Man,  well-developed  lymphatic  glands 
are  found ; in  the  Carnivora,  owing  probably  to  the  shortness  of  the  in- 
testine, the  mesenteric  glands  are  so  closely  aggregated,  as  to  appear 
like  a large  conglomerate  gland.  In  Birds,  lymphatic  glands  are  also 
found,  especially  in  the  fore  part  of  the  body,  but  they  are  less  perfectly 
developed,  and,  in  other  parts,  are  replaced  by  elaborate  plexuses  of  Ijun- 
phatic  vessels  ; in  accordance  with  the  general  lateral  symmetry  of  these 
animals,  there  are  two  thoracic  ducts,  each  with  its  receptaculum  chyli  ; 
in  certain  birds,  as  in  the  goose,  dilatations  of  the  pelvic  lymphatics  are 
met  wdth,  the  coats  of  which  are  provided  with  unstriped  muscular  fibres, 
which  do  not  contract  periodically  or  rhythmically  ; the  lymphatics  of 
the  hinder  part  of  the  body  communicate  very  frequently  with  the  veins. 
In  Eeptiles,  the  lymphatic  glands  are  absent,  but  their  place  is  apparently 
supplied  by  the  great  size  and  abundance  of  the  absorbents  themselves, 
and  by  numerous  plexuses  of  closely-packed  vessels  ; the  valves  are  either 
imperfect,  or  are  found  only  in  the  larger  trunks;  communications  with 
the  veins,  exist  in  the  lower  limbs.  In  this  Class,  as  well  as  in  the 
Amphibia  and  Fishes,  there  occur,  connected  with  the  lymphatic  sys- 
tem, those  remarkable  rhythmically  contractile  sacs,  known  as  lym- 
phatic hearts  ; they  have  been  found  in  the  neck  of  certain  Ophidia,  and 
in  the  pelvis  of  the  tm-tle  and  crocodile.  In  the  Amphibia,  the  lym- 
phatics are  relatively  large,  but  few  in  number ; neither  valves  nor 
lymphatic  glands  exist ; the  Ij’mphatic  hearts,  usually  four  in  number, 
have  walls  composed  of  striated  muscular  fibres : in  the  frog,  two  of 
these  hearts  are  situated,  one  on  each  side  of  the  neck,  opposite  to  the 
third  cervical  vertebra,  and  two  posteriorly  in  the  pelvic  region.  It  is 
in  Fishes  that  the  absorbents  are  fewest  in  number;  they  are  delicate 
transparent  vessels,  destitute  of  valves,  excepting  at  the  points  of  en- 
trance into  the  veins,  which  are  here  verj'  frequent;  the  lacteals  appear 
almost  destitute  of  distinct  walls.  In  the  tail  of  the  eel,  and  in  many 
fishes,  behind  the  cranium,  outside  the  jugular, veins,  there  are  foimd  pairs 
of  lymphatic  hearts,  or  dilatations  of  a similar  nature  to  the  true  lym- 
phatic hearts  of  the  Amphibia.  No  lymphatics  have  been  observed  in 
the  amphioxus. 
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The  chyle  varies  in  colour  and  opacity  in  different  animals  ; thus,  it  is 
very  milky-looking  in  the  carnivorous,  but  almost  colourless  in  the 
herbivorous  Mammalia  ; it  is  also  more  transparent  in  the  cold  than  in 
the  warm-blooded  Vertebrata. 

It  is  usually  considered  that  no  vessels  homologous  in  character  and 
office,  with  the  lymphatics  and  lacteals  of  the  Vertebrata  exist  in  Non- 
vertebrate animals ; but  it  has  been  suggested  that  the  so-called  blood- 
system  of  the  Mollusca  and  higher  Annulosa,  with  its  usually  colourless 
contents,  including  corpuscles  much  more  like  the  white  than  the  red 
blood  corpuscles  of  the  Vertebrata,  may  possibly  be  the  homologues  of 
the  vertebrate  lymphatic  system.  Be  this  as  it  may,  these  vessels  are 
undoubtedly  concerned,  not  only  in  the  function  of  circulation,  but  also 
in  that  of  absorption  ; for  absorbed  materials  not  only  pass  into  the 
perivisceral  cavity,  and  penetrate  the  soft  tissues  of  the  body,  immedi- 
ately and  directly,  but  they  also  enter  the  interior  of  these  so-called 
bloodvessels,  mingle  with  the  circulating  fluid,  and  thus  are  conveyed 
to  the  most  distant  parts  of  the  frame.  Such  vessels  must  be  con- 
cerned both  in  the  absorption  of  the  food,  and  in  all  the  phenomena 
of  general  extrinsic  and  intrinsic  absorption.  In  those  Non -vertebrate 
animals,  which,  as  the  Annuloida,  possess  the  so-called  water  vascular 
system,  or  some  analogous  vessels,  general  absorption  may  be  assisted 
by  them.  In  the  Coelenterata,  all  of  which  are  destitute  of  proper 
vessels,  the  fine  tubular  extensions  of  the  body  cavity  into  the  soft  disc, 
must  aid  in  this  process  ; but  in  the  simple  hydra,  absorption  must  be 
accomplished  by  direct  imbibition  throirgh  the  cells  lining  the  digestive 
cavity,  and  by  general  percolation  through  the  soft  intercellular  spaces. 
In  the  Protozoa,  it  must  occur  through  the  sarcodous  cell-substance,  of 
which  those  animals  consist. 

Whilst,  therefore,  in  the  lowest  non-vascular  animals,  nutrient  matters 
at  once  permeate  the  tissues  which  they  have  to  nourish,  and  whilst,  in 
all  animals  possessed  of  vessels,  whether  absorbent  or  circulating,  or 
fulfilling  both  functions,  a similar  permeation  of  nutrient  matter  takes 
place  through  the  lining  membrane  of  the  digestive  cavity,  yet,  in  the 
latter  case,  it  has  no  immediate  nutrient  action  on  the  solid  tissues,  but 
speedily  passes  into  the  bloodvessels  or  absorbents,  and  thus  directly 
or  indirectly  enters  the  circulating  fluid  or  blood.  Mixed  with  this,  it 
probably  undergoes  further  elaboration,  before  it  again  transudes  through 
the  walls  of  the  fine  vessels,  into  the  solid  tissues,  which  are  ultimately 
nourished  by  it. 


CmCULATION. 

We  have  seen  that  the  absorbent  vessels  end  in  the  great 
veins  at  the  root  of  the  neck,  and  that  there,  the  lymph  and 
chyle  are  poured  into  the  blood.  The  blood  is  not  permitted 
to  remain  stationary  in  any  part  of  the  living  body ; but  in 
order  to  fulfil  its  offices  in  the  general  functions  of  nutrition, 
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secretion,  and  excretion,  and  its  special  office  of  stimulation  in 
regard  to  the  nervous  and  muscular  systems,  and  in  order  that 
it  may  be  constantly  purified  by  the  respiratory  process,  it  is 
kept  in  continual  motion  throughout  the  whole  of  life. 
This  motion  of  the  blood  takes  place,  in  Man  and  in  most 
animals,  in  distinct  cavities  and  channels,  viz.,  through  the 
heart  and  bloodvessels,  the  arteries,  capillaries,  and  veins. 
The  movement  itself  is  named,  from  its  definitely  recurrent 
course,  the  circulation  of  the  blood. 

The  general  distribution  of  the  arteries,  capillaries,  and 
veins  of  the  body,  and  the  structure  of  these  vessels,  have 
already  been  explained  (vol.  i.  pp.  18  and  57).  The  heart, 
or  central  organ  of  the  circulation,  requires  now  to  be 
described. 


The  Heap.t. 

The  Heart  and  Bloodvessels. 

The  heart,  enclosed  in  its  sac,  or  pericardium,  is  placed 
obliquely  in  the  thorax,  between  the  lung.s  (fig.  13),  occupy- 
ing a space  about  4 inches  in  width.  It  is  of  a conical  shape. 
Its  base,  connected  with  the  large  bloodvessels,  is  directed 
upwards,  backwards,  and  to  the  right,  corresponding  -with  the 
middle  of  the  dorsal  region  ; its  apex  turned  downwards,  for- 
wards, and  to  the  left,  points  to  the  left  of  the  sternum, 
opposite  the  interspace  between  the  fifth  and  sixth  ribs,  two 
inches  below  and  one  to  the  sternal  side  of,  the  left  nipple. 

Its  anterior  surface,  turned  slightly  upwards,  is  convex ; its 
posterior  surface,  directed  downwards,  and  supported  by  the 
diajfiiragm,  is  flattened.  This  organ  is  about  the  size  of  the 
closed  fist.  In  the  adult  male  it  weighs  from  10  to  12  oz., 
but  from  8 to  10  oz.  only  in  the  female.  Its  proportion  to  the 
body,  in  the  former  sex,  is  as  1 to  169  ; in  the  latter,  as 
1 to  149.  It  measures  about  5 inches  in  length,  3i  in  width, 
and  in  thickness.  It  increases  in  weight,  and  enlarges  in 
all  its  dimensions,  as  life  advances. 

The  heart  is  a hoUow  muscle,  its  cavity  being  completely 
divided  internally,  by  a longitudinal  septum,  into  a right  and 
a left  lateral  chamber.  Each  chamber  consists  of  two  cavities, 
one  called  an  auricle,  the  other  a ventricle,  marked  off  from 
each  other  by  a transverse  constriction,  which  forms  on  the 
surface  the  auriculo-ventricular  groove.  The  auricle  and 
ventricle  of  the  same  side  open  into  each  other,  but  those  of 
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the  opposite  sides  do  not  communicate.  The  two  auricles  are 
placed  at  the  base  of  the  heart ; their  walls  are  thin ; they  are 
separated  from  each  other  by  the  median  septum,  and  receive 
blood  from  large  veins.  The  two  ventricles  lie  below  the 
auricles,  have  walls  of  considerable  thickness,  and  form  the 
most  solid  part  of  the  organ ; each  is  connected  with  a large 
artery.  Two  longitudinal  furrows,  one  anterior,  the  other 
posterior  and  less  defined,  correspond  with  the  position  of  the 
median  partition  which  separates  the  two  ventricles  within. 
The  right  ventricle  occupies  more  of  the  anterior,  and  the  left 
%'entricle  more  of  the  posterior,  surface  of  the  heart ; the  left 
ventricle  reaches  lower  than  the  right,  and  so  forms  alone  the 
apex  of  the  heart,  the  longitudinal  furrows  and  septum  termi- 
nating a little  to  the  right  of  the  apex.  Each  of  the  four 
cardiac  cavities  reqiiires  fm-ther  description. 

The  right  auricle  (fig.  105,  .3)  con.sists  of  a larger  part,  named 
the  sinus,  and  a smaller  part  leading  from  it  in  front,  named 
the  appendix  auriculce  or  proper  auricle,  so  called  on  account 
of  its  resemblance  to  a dog’s  ear.  The  margins  of  the  appen- 
dix are  notched,  and  its  walls,  instead  of  being  thin  and 
smooth,  like  those  of  the  sinus,  are  thick,  and  marked  inter- 
nally by  prominent  fleshy  bands,  the  musculi  pectinati.  Into 
this  auricle  the  systemic  veins  open,  viz.,  the  superior  vena 
cava,  1,  at  the  rq^per  and  forepart  of  the  sinus;  the  inferior 
vena  cava,  2,  at  its  lowest  part ; and,  lastly,  the  large  coronary 
vein,  at  the  back,  its  orifice  being  protected  by  a thin  mem- 
branous valve,  the  coronary  valve, or  valve  of  Thehesius-,  besides 
this,  there  are  niunerous  apertures  of  small  veins  belonging 
to  the  heart,  and  certain  recesses  in  the  auricular  walls.  Upon 
the  septum,  between  this  and  the  left  auricle,  is  an  oval 
dejwession,  the  fossa  ovalis,  bounded  above,  and  at  the  sides, 
by  a margin  named  the  annulus  ovalis.  The  fossa  ovalis  is 
the  vestige  of  an  opening,  the  foramen  ovale,  which  exists 
before  birth,  then  permitting  the  blood  to  pass  from  the  right 
into  the  left  auricle  : sometimes  the  foramen  ovale  is  not 
entirely  obliterated,  in  that  case,  a small  valved  aperture  leading 
obliquely,  beneath  the  annulus  ovalis,  into  the  left  auricle. 
Attached  to  the  anterior  margin  of  the  orifice  of  the  inferior 
vena  cava,  is  a thin  membranous  semi-lunar  fold,  called  the 
Eustachian  valve  (fig.  105),  the  free  concave  border  of  which 
is  turned  upwards  and  to  the  left ; it  is  often  small,  fi-equently 
perforated,  and  sometimes  wanting.  Before  birth,  it  is  large, 
and  of  great  importance  in  directing  the  course  of  the  blood. 
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Lastly,  in  front  and  to  the  left  of  the  opening  of  the  inferior 
cava,  is  the  large  aperture  leading  into  the  right  ventricle, 
named  the  riaht  auriculo-ventricular  opening. 

The  7'ight  ventricle^  4,  forms  a somewhat  conical  cavity, 

Fig.  105. 


Fig.  105.  Diagram  of  the  heart  andgreat  bloodvessels.  The  right  cavities 
of  the  heart,  or  right  auricle  and  ventricle,  and  the  pulmonary  artery, 
are  supposed  to  be  laid  open.  1,  the  superior  vena  cava ; 2,  inferior 
vena  cava;  3,  right  auricle  laid  open,  showing  the  orifice  of  the  superior 
and  inferior  cavm,  the  latter  guarded  by  the  Eustaclran  valve;  4,  right 
ventricle  laid  open,  showing  the  anterior  segment  of  the  tricuspid 
valve,  its  chordae  tendineae,  and  musculi  papillares.  The  thin  walls  of 
the  auricle,  and  the  thicker  walls  of  the  ventricle,  are  seen  on  their 
sections ; 5,  pulmonary  artery  laid  open,  to  show  parts  of  two  of  its 
semilunar  valves  * ; 7,  part  of  the  left  auricle : the  pulmonary  veins  are 
not  represented,  being  concealed  at  the  back  of  the  heart ; 8,  the  left 
ventricle;  9,  the  aorta,  giving  off  branches  to  the  bead  and  upper  limbs, 
and  arching  down  to  form  the  abdominal  artery,  which  supplies 
branches  to  the  rest  of  the  body.  The  arrows  show  the  course  of  the 
blood  from  the  veins,  1,  2, to  the  right  auricle;  3,  through  the  auriculo- 
ventricular  opening  into  the  right  ventricle,  4,  and  thence  along  the 
pulmonary  artery,  5. 

sliut  off  from  tlie  left  ventricle  by  the  thick  interventricular 
septum.  At  its  base,  is  the  opening  from  the  auricle  just 
mentioned,  whilst  above,  and  in  front  of  this,  is  the  aperture 
leading  into  the  pulmonarjj  artery.  That  portion  of  the  ven- 
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tricle  conducting  to  the  artery,  forms  a conical  prolongation, 
named  the  infundibulum  or  conus  arteriosus.  Both  of  these 
openings  are  guarded  by  remarkable  valves.  Tlie  auriculo- 
ventricular  opening  corresponds  ■with  the  middle  of  the 
sternum,  on  a level  with  the  third  intercostal  spaces  and  fourth 
costal  cartilages.  It  is  somewhat  oval,  and  measures  about 
1-|-  inch  in  diameter,  in  the  male.  It  is  surrounded  by  a strong 
fibrous  ring,  and  its  valve,  being  composed  of  three  pointed 
segments,  is  hence  called  the  tricuspid  valve.  These  segments, 
of  a trapezoidal  shape,  are  formed  by  a doubling  of  the  lining 
membrane  of  the  heart,  enclosing  bands  of  fibrous  tissue,  and, 
it  is  said,  a few  muscular  fibres ; the  segments  are  continuous 
at  their  base,  and  are  there  fixed  to  the  fibrous  ring  around 
the  opening  into  the  auricle  (fig.  106  a,  2).  Of  the  three  seg- 
ments, one  corresponds  to  the  front  of  the  ventricle,  another  to 
its  posterior  wall,  and  the  third,  the  largest,  lies  between  the 
auriculo-ventricular  opening  and  the  pulmonary  artery . Each 
segment  is  thicker  at  its  centre  ; whilst  its  margins  are  thinner, 
more  transpareirt,  and  indented.  To  the  margins,  and  also 
to  the  ventricular  surfaces  of  the  segments,  are  attached 
numerous  fine  tendinous  cords,  the  chordce  tendinece  (fig.  105), 
the  other  ends  of  which  are  connected  either  with  certain 
muscular  columns.,  to  be  presently  described,  projecting  from 
the  walls  of  the  ventricle,  or  with  the  inner  surface  of  that 
cavity,  especially  with  the  septum.  The  chordas  tendinete, 
proceeding  from  the  adjacent  margins  of  any  two  segments  of 
the  valve,  are  connected  with  the  same  muscular  column.  Some 
of  the  cords  are  inserted  into  the  base  of  the  segments,  others 
are  connected  with  its  central  thicker  part,  whilst  the  finest 
and  most  numerous  are  inserted  into  its  thin  marginal  portion. 

The  muscular  bands  just  mentioned,  named  the  columnae 
carneas,  are  found  in  nearly  every  part  of  the  inner  surface  of 
the  ventricle.  They  are  of  three  kinds : first,  some  which 
form  merely  irregular,  and  frequently  reticulated,  prominences 
on  the  sides  of  the  cavity ; a second  kind  are  adherent  at 
each  end,  though  free  in  the  middle  ; lastly,  a third  kind,  con- 
siderably larger  than  the  others,  and  named  the  musculi  papil- 
lares,  form  three  or  four  bundles,  which  project  itp wards 
from  the  walls  of  the  ventricle,  and  are  connected  with  some 
of  the  chordiE  tendinea;  of  the  tricuspid  valve.  The  internal 
, surface  of  the  infundibulum  is  smooth. 

The  orifice  of  the  pulmonary  artery,  fig.  105,  5,  corresponds 
with  the  upper  border  of  the  third  left  costal  cartilage,  and 
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second  intercostal  space,  close  to  the  sternum.  It  is  circular, 
and  measures,  in  the  male,  a full  inch  in  diameter.  Its  pro- 
tecting valves  consist  of  three  semi-circular  membranous  folds, 
named  semi-lunar  valves  (fig.  105*,  fig.  106,  4),  attached,  by 
their  convex  margins,  to  the  sides  of  the  pulmonary  artery  at 
its  line  of  junction  rvith  the  ventricle,  but  tree  at  their  straight 
borders,  which  are  tirrned  upwards  in  the  direction  of  the 
artery.  In  the  middle  of  the  free  border  of  each  valve,  is 


Fig.  106. 


Ficr.  106.  Three  views  of  the  base  of  the  heart,  after  removal  of  the 
auricles  ; the  commencements  of  the  pulmonary  artery  and  the  aorta 
are  left,  in  order  to  show  the  valves  of  the  heart  and  their  altered 
positions  at  different  moments  of  the  heart's  action,  a,  1,  interior 
of  part  of  the  right  auricle;  2,  right  auriculo-ventricular,  or  tri- 
cuspid valve : 3,  right  ventricle ; 4,  pulmonary  artery  and  its  semilunar 
valves  ; 5,  interior  of  part  of  the  left  auricle  ; G,  left  auriculo-ventri- 
eular,  bicuspid,  or  mitral  valve;  7,  left  ventricle;  S,  aorta,  and  its 
semilunar  valves.  In  this  view,  all  the  valves  have  their  segments  a 
little  apart,  b,  shows  the  auriculo-ventricular  apertures  open,  and 
their  valves  apart ; the  arterial  orifices  arc  closed,  and  their  valves 
in  contact : condition  during  diastole  of  the  ventricles,  c,  shows  .the 
opposite  conditions  of  the  valves ; condition  during  systole  of  the  ven- 
tricles. 

a small  fibro-cartilaginous  nodule,  the  corpus  Arantii.  'When 
stretched  across  the  vessel,  the  borders  meet  each  other,  form- 
ing lines  diverging  from  the  centre  at  angles  of  120°.  The 
free  and  attached  margins  of  each  valve  contain  tendinous 
fibres  ; tendinous  fibres  also  radiate  across  the  valve,  from  tlie 
corpus  Arantii  to  its  attached  margins,  so  that  two  thin  semi- 
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luuar  portions,  called  lunulce,  are  left,  one  on  either  side  of  the 
nodule.  Behind  the  segments,  the  pulmonary  artery  presents, 
at  its  base,  three  slight  dilatations  or  pouches,  the  sinuses  of 
Valsalva. 

The  left  auricle  (fig.  105,  7),  somewhat  smaller  than  the 
I'ight,  has  thicker  Avails,  measuring,  on  an  average,  1^  line  in 
thickness,  Avhilst  those  of  the  right  auricle  measure  only 
1 line.  Like  the  latter,  it  consists  of  a sinus  and  an  appendix. 
The  sinus  is  placed  behind  the  aorta  and  pulmonary  artery. 
The  appendix,  projecting  foinvards  and  to  the  left  side,  is  nar- 
rower, and  more  curved  and  notched,  than  the  right  one  ; its 
musculi pectinati  are  smaller  and  less  numerous.  At  the  back 
of  the  auricle  are  the  openings  of  the  four  pulmonary  veins, 
two  on  each  side,  their  orifices  being  destitute  of  A'alves.  On 
the  septum,  between  this  and  the  right  auricle,  is  a lunated 
depression,  bounded  below  by  a crescentic  ridge,  the  vestige  of 
the  foramen  ovale.  At  the  lower  part  of  the  auricle,  is  the 
opening  into  the  left  v'entricle,  or  left  auriculo-venlricular 
opening. 

The  left  ventricle,  8,  is  longer,  and  more  conical  in  shape, 
than  the  right  ventricle  ; it  has  much  thicker  Avails,  the  pro- 
portion being  as  3 to  1.  The  Avails  are  thickest  opposite  the 
middle  of  the  cavity,  and  thinnest  at  the  apex,  Avhilst  the 
light  venti’icle  is  thickest  near  its  base.  The  average  thick- 
ness, in  lines,  of  the  Avails  of  the  two  ventricles  in  the  male,  in 
Avhom  they  are  someAvhat  thicker  than  in  the  female,  are,  for  the 
left  ventricle,  at  the  base,  middle,  and  apex,  4^,  5^,  and  3|- ; 
and  for  the  right,  1^|,  1|-,  and  lytg-.  (Bizot).  The  left  ventricle 
increases  in  thickness  as  life  advances ; but  the  right  remains 
unaltered  after  the  period  of  full  development. 

At  the  left  and  hinder  part  of  the  base  of  this  ventricle,  is  the 
oval  opening  from  the  left  auricle  ; in  front  and  to  the  right 
of  this,  is  the  circular  aperture  of  the  aorta.  These  open- 
ings are,  after  death,  smaller  than  the  corresponding  orifices 
on  the  right  side  of  the  heart.  The  annexed  Table  shows  the 
circumference  of  all  four  apertures,  in  the  adult  male  and 
female  (Peacock) : — 


Male. 

Inches  Lines 

Auriculo-ventricular  openings  | ^ y 

, , . , . ( pulmonary  3 4 

Arterial  openings  . •]  Aortic  . 3 0 


Female. 
Inches  Lines 
4 0 

3 10 

3 3 

2 10 


VOL.  II. 


0 
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The  left  auriculo-ventricular  opening  corresponds  to  the 
centre  of  the  sternum,  reaching  upwards  a little  to  the  left. 
It  is  guarded  by  a valve,  resembling  the  tricuspid  valve,  but 
formed  of  two  segments  instead  of  three,  and  hence  called  the 
bicuspid  or  mitral  valve  (fig.  106,  6).  Tlie  two  segments  are 
named,  from  their  relative  position,  anterior  and  posterior  ; 
the  former  is  somewhat  the  larger.  The  segments  are  pro- 
vided with  chordae  tendinece,  fewer  in  number  than  those  of 
tlie  tricuspid  valve,  but  having  similar  attachments ; all 
these  structures  are  stronger  and  thicker  than  those  of  the 
right  ventricle.  The  internal  surface  of  the  left  ventricle  gene- 
rally, like  that  of  the  right,  is  provided  with  three  kinds  of 
columnce  carnecE,  which,  however,  are  relatively  small  and 
numerous ; there  are  only  two  musculi  papillares. 

The  round  orifice  of  the  aorta  lies  behind  the  junction  of 
the  tliird  left  costal  cartilage  with  the  sternum.  It  is  sepa- 
rated from  the  auricido-ventricular  opening,  by  the  base  of  the 
anterior  segment  of  the  bicuspid  valve,  here  joined  to  the  aortic 
fibrous  ring.  The  aortic  orifice  is  protected  by  three  semi- 
lunar valves  (fig.  106,  8,  fig.  107,  h,  2),  resembling  those  of  the 
right  side  in  form,  in  their  mode  of  attachment  to  the  sides  of 
the  great  bloodvessel,  and  in  the  peculiar  direction  of  their 
free  edges  towards  the  artery ; but  they  are  thicker  and 
stronger,  have  their  corpora  Arantii  larger,  and  their  lunular 
margins  more  developed.  The  pouches,  or  sinuses  of  V~al- 
salva,  at  the  base  of  the  aorta,  are  also  larger  than  those  of  the 
pulmonary  arteries.  The  two  coronary  arteries,  or  nutrient 
arteries  of  the  heart,  arise  Ifoni  the  bottom  of  two  of  these 
pouches,  close  behind  the  corresponding  semilunar  valves. 

The  cavities  of  the  heart  are  lined  by  a very  fine  serous 
membrane,  named  the  endocardium,  which  is  continuous  udth 
the  lining  membrane  of  the  large  t'essels;  it  is  somewhat 
thicker  in  the  auricles  than  in  the  ventricles,  and  thicker  in 
the  left  than  in  the  right  cavities ; the  valves  of  the  heart 
consist  essentially  of  folds  of  this  membrane,  enclosing  fibrous 
tissue.  It  is  difficult  to  determine  the  capacity  of  the  cavities 
of  a muscular  organ  like  the  heart ; the  estimates  given  of  the 
capacity  of  the  left  ventricle,  vary  from  4 to  6‘3  oz. ; the  right 
ventricular  cavity  is  usually  said  to  be  a little  larger.  The 
capacity  of  each  auricle  corresponds  with,  or  is  a little  smaller 
than,  that  of  the  respective  ventricle. 

The  muscular  fibres  of  the  heart. — The  substance  of  the 
heart  is  almost  entirely  composed  of  ?nuscular  Jibres,  arranged 
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Fig.  107. 


a 


Fig.  107.  a,  the  aorta  detached  from  the  heart  and  from  the  body.  1, 
ascending  aorta,  showing  the  enlargements  or  pouches  at  its  commence- 
ment,known  as  the  sinuses  of  Valsalva;  1',  1",  descending  aorta,  thoracic 
and  abdominal ; 2,3,3, 2,  branches  from  the  arch  of  the  aorta,  which  supply 
the  head  and  upper  limbs ; 4,  coeliac  axis,  or  artery,  which  divides  into 
three  branches  to  supply  the  stomach,  liver,  and  spleen;  5,  renal 
arteries  for  the  kidneys ; 6,  superior,  and  7,  inferior  mesenteric  arteries 
which  supply  the  small  and  large  intestine ; 8,  8,  iliac  arteries,  which 
give  off  branches  to  the  pelvis  and  lower  limbs ; 9,  9',  intercostal  and 
lumbar  arteries,  which  supply  the  walls  of  the  thorax  and  abdomen,  i, 
portion  of  the  left  ventricle,  and  the  commencement  of  the  aorta,  laid 
open,  to  show  the  aortic  semilunar  v'alves ; 1,  portion  of  the  aorta,  with 
the  oritices  of  the  coronary  arteries,  or  nutrient  arteries,  of  the  heart ; 
2,  the  three  valve  segments ; 3,  portion  of  the  left  ventricle,  c,  diagrams, 
to  show  the  action  of  the  valves  in  the  veins ; 1,  the  valves  open,  so  that 
the  blood  can  pass  on ; 2,  valves  closed,  so  that  the  backward  flow  of  the 
blood  is  arrested. 

o 2 
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in  layers,  covered  externally  by  a reflection  of  the  serous 
membrane  of  the  pericardium,  and  lined,  within  the  cavities, 
by  the  endocardium.  Four  fibrous  rings  also  exist,  viz.  those 
around  the  two  auriculo-ventricular  openings  and  the  orifices 
of  the  pulmonary  artery  and  aorta.  Besides  this,  the  heart 
possesses  proper  arteries,  capillaries,  and  veins,  deep  and  super- 
ficial lymphatic  vessels,  and  numerous  nerves  and  nervous 
ganglia. 

The  fibrous  rings  of  the  lefi:  side  of  the  heart,  are,  like 
the  valves,  stronger  than  those  of  the  right  side.  Those  of  the 
auriculo-ventricular  orifices  give  attachment  to  the  segments 
of  their  respective  valves,  and  also  to  a few  of  the  muscular 
fibres  of  the  auricles  and  ventricles.  The  rings  surrounding 
the  orifices  of  the  pulmonary  artery  and  aorta,  present  a smooth 
ventricular  border,  attached  to  the  muscular  substance  of 
the  ventricles  ; and  a deeply-notched  arterial  border,  ■svith 
Avhich  the  pouches  of  Valsalva  are  connected.  When  the 
heart  of  an  animal  is  boiled,  so  as  to  harden  its  muscular,  and 
to  gelatinise  its  fibrous,  portions,  the  auricles  and  great  blood- 
vessels may  be  easily  separated  from  the  ventricles;  three 
apertures  only  are  then  seen  in  the  muscular  substance  of  the 
base  of  the  ventricles  ; viz.  one  for  the  left  auriculo-ventricular 
opening,  another  for  the  orifice  of  the  pulmonary  artery,  and  a 
third,  the  largest,  common  to  the  left  atiriculo-ventricular 
opening  and  the  aortic  orifice ; for  the  fibrous  rings  around 
these  two  latter  are  conjoined  at  one  point.  Behind  the  aortic 
orifice,  and  between  the  two  amdculo-ventricular  openings,  is 
a piece  of  fibro-cartilage,  which,  Avhen  ossified,  forms  the  bone 
of  the  heart. 

The  heart,  though  an  involuntary  muscle,  has  dark  red 
fibres,  marked  with  transverse  striae,  like  those  of  the  voluntary 
muscles ; but  they  differ,  in  being  often  branched  and  joined 
together  again,  and  in  having  their  fasciculi  interlaced  ; more- 
over, the  fibres  are  somewhat  smaller,  less  distinctly  striated, 
sometimes  marked  by  faint  longitudinal  streaks,  and,  for  the 
most  part,  are  not  attached  to  tendinous  structm-es  : the  sar- 
colemiua  of  each  fibre  is  not  easily  seen,  excepting  in  fatty 
degeneration  of  the  fibres.  There  is  scarcely  any  areolar 
tissue  between  the  fibres,  hence  the  characteristic  firmness  of 
the  contracted  heart. 

The  arrangement  of  the  muscular  fibres  of  the  heart,  is 
one  of  the  most  difficult  subjects  of  investigation.  Vesalius, 
Albinus,  and  even  Haller,  were  unable  to  follow  them ; and 
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very  different  and  complicated  descriptions  of  the  fibres  have 
been  given  by  Lower,  Winslow,  Senac,  Wolff,  Gerdy,  Duncan, 
Reid,  Budge,  and,  more  recently,  by  Pettigrew. 

After  long  boiling  or  maceration  in  pure  alcohol,  the  fibres 
of  the  auricles,  but  especially  those  of  the  ventricles,  may 
be  stripped  off,  and  unwound  in  flat  bands  or  layers.  The 
auricular  and  ventricular  fibres  are  quite  independent,  the 
auriculo-ventricular  fibrous  rings,  with  the  pericardium  and 
endocardimn,  forming  the  sole  bond  of  union  between  them. 

The  fibres  of  the  auricles,  consist  of  a superficial  and  deep 
layer.  Tlie  superficial  layer  is  thin,  incomplete,  and  common 
to  both  auricles ; its  fibres  are  transverse,  and  chiefly  found 
on  the  front  of  the  auricles  ; a few  enter  the  septum.  The 
deep  layer  consists  of  looped  and  annular  fibres  proper  to  each 
auricle  ; the  locped  fibres  are  fixed,  by  both  ends,  to  the  cor- 
responding fibrous  ring,  and  pass,  in  various  directions,  over  the 
surface  of  the  auricle ; the  annular  fibres  embrace  the  auri- 
cular appendages,  and  also  surround  the  large  venous  open- 
ings in  each  auricle,  extending  both  over  the  auricle  and  the 
veins. 

The  fibres  of  the  ventricles,  first  studied  by  Lower  (1669), 
present  a far  more  complex  arrangement.  They  present 
numerous,  and  somewhat  easily  separable,  layers,  having  a 
general  spiral  arrangement  around  those  cavities.  The  super- 
ficial fibres  pass,  more  or  less  obliquely,  downwards  from  right 
to  left,  on  the  front  of  the  ventricles,  and,  in  the  opposite 
direction,  i.e.  upwards  from  right  to  left,  at  the  back  of  the 
ventricles.  A few  of  these  fibres  are  almost  vertical.  On  the  pos- 
terior or  under  surface  of  the  heart,  many  of  the  superficial  fibres 
are  common  to  both  ventricles,  passing  from  one  to  tlie  other, 
over  the  line  of  the  septum,  the  surface  being  flattened,  and 
the  two  ventricles  blended  together.  On  the  upper  surface,  or 
in  front,  however,  a great  number  of  the  superficial  fibres  dip 
in  at  the  line  of  the  septum,  decussating  with  each  other,  so 
that  the  ventricles  are  here  more  distinct ; nevertheless,  some 
of  these  fibres  pass  from  one  ventricle  to  the  other.  When 
these  are  removed,  the  deeper  fibres  are  found  to  be  chiefly 
proper  to  each  ventricle ; so  that,  as  said  by  Winslow,  the 
ventricular  portion  of  the  heart  seems  to  be  composed  of  two 
hearts,  enveloped  in  a third.  As  the  fibres  become  deeper, 
they  are  less  and  less  oblique,  until,  at  last,  they  are  nearly 
■transverse,  excepting  such  as  ascend  on  the  inside  of  the 
ventricles.  According  to  their  mode  of  dissection,  different 
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anatomists  make  different  numbers  of  layers,  and  some  divide 
these  into  numerous  component  bands.  According  to  Petti- 
grew, the  latest  authority,  there  are  seven  layers,  three  outer 
ones,  the  fibres  of  which  become  successively  less  and  less 
oblique  dotvnwards  from  right  to  left,  a central  transverse 
layer,  and  three  inner  ones,  the  fibres  of  which  become  more 
and  more  oblique  in  the  opposite  direction. 

The  ventricular  fibres,  whether  superficial  or  deep,  have 
long  been  known  to  form  spirals,  at  and  near  the  apex  of  the 
heart,  the  superficial  fibres  forming  a completely  closed  spiral, 
and  each  succeeding  layer  a more  open  one.  Hence,  on  look- 
ing directly  at  the  apex  of  the  heart,  a remarkable  whorl,  or 
vortex,  of  fibres  is  seen,  in  which  these  appear,  in  turn,  to  sink 
towards  the  interior  of  the  ventricles ; if  the  fibres  of  each 
layer  be  now  raised  up  and  remo\'ed,  the  vortex  becomes 
more  and  more  open,  and  at  length  the  cavities  of  the  ven- 
tricles are  exposed. 

It  was  believed  by  Lower,  Gerdy,  Eeid,  and  other  anato- 
mists, that  the  ventricular  fibres  chiefly,  if  not  entirely,  arise 
from  the  auriculo-ventricular  fibrous  rings,  and  that,  after  pass- 
ing spirally  round  the  heart,  they  tuin  upon  themselves  at  the 
apex,  there  forming,  as  indicated  especially  by  Lower  and  Gerdy, 
twisted  continuous  loops,  and  then  pass  up  directly  through 
the  walls  or  septum  of  the  ventricles,  back  to  the  fibrous  rings 
again,  or  reach  them  indirectly,  through  the  musculi  papil- 
laresand  chords  teiidines  of  the  tricuspid  and  bicuspid  valves. 
In  short,  the  fibres  of  the  ventricles  were  described  as  forming 
loops,  open  towards  the  base  of  the  heart,  but  closed,  and 
twisted  into  a vortex,  at  the  apex.  However,  according  to 
Duncan,  the  fibres  form  loops  in  the  direction  of  the  base,  as 
weU  as  in  that  of  the  apex  ; and  Pettigrew  affirms  that  none, 
or  almost  none,  are  attached  to  the  fibrous  rings,  but  pass  by 
them,  in  the  form  of  loops.  Moreover,  the  elaborate  dissec- 
tions of  the  last-named  anatomist,  show,  that  just  as,  at  the  apex, 
the  superficial  fibres  penetrate,  to  become,  as  has  been  long 
known,  the  deep-seated  fibres,  so,  at  the  base,  the  superficial 
fibres  are  likewise  continuous  with  the  deepest  fibres. 

In  the  left  ventricle,  which  Pettigrew  regards  as  the  typical 
ventricle,  the  first,  or  superficial  layer,  passes,  both  at  the 
apex  and  base,  into  the  innermost  or  seventh  layer,  the  second 
into  the  sixth,  and  the  third  into  the  fifth  ; the  fourth  layer  is 
central,  and  forms  a transverse  layer  situated  between  the 
third  and  the  fifth.  Each  successive  double  layer  encloses  the 
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next  in  order,  and  the  necessary  limitation  of  the  central  layer, 
and  its  absence  at  the  apex  and  base,  account  for  the  greater 
thickness  of  the  walls  of  the  left  ventricle,  across  its  middle. 
The  spiral  fibres,  which  may  be  traced  trom  the  front  of  the 
auriculo-ventricular  opening,  pass  over  the  anterior  surface  of 
the  ventricle,  and,  alter  describing  one  turn  and  a half,  dip  into 
the  apex  posteriorly ; whilst  those  coming  from  the  back  of 
that  opening,  pass  over  the  hinder  surface  of  the  ventricle, 
wind  forward,  and  enter  the  apex  anteriorly ; after  dipping 
inwards,  the  former  end  in  the  anterior  musculi  papillares 
and  columnee  carnese,  and  the  latter,  in  the  posterior  musculi 
papillares  and  columnEe  carnete.  The  spiral  and  interwoven 
arrangement  of  all  these  layers,  must  assist  the  powerftd  and 
simultaneous  contraction  of  the  ventricular  walls,  and  may 
perhaps  explain  the  rotatory  movement  of  the  heart  during 
each  beat,  to  be  hereafter  noticed. 

The  structure  of  the  right  ventricle  is  similar,  but  less 
complete.  Internal  to  the  fourth  layer,  the  fibres  of  the  one 
ventricle  are  altogether  independent  of  those  of  the  other. 
The  layers  of  the  right  ventricle,  are  continued  into  each 
other,  not  at  the  apex  only,  as  in  the  case  of  the  left  ventricle, 
but  also  along  the  whole  length  of  the  septum.  The  right  ven- 
tricle is  regarded,  by  Pettigrew,  as  a sort  of  segment  of  the 
left  one,  and  he  refers  to  the  shape  and  perfection  of  structure 
of  the  latter,  and  also  to  the  position,  and  the  mode  of  develop- 
ment, of  the  septum,  from  a protrusion  of  the  anterior  wall  of 
the  single  ventricle  of  the  primitive  heart,  as  according  with 
this  view. 

The  ventricular  fibres,  in  the  hearts  of  the  Mammalia  generally,  seem 
to  be  arranged  on  the  same  plan  as  that  of  the  human  heart ; and  a cor- 
respondence is  observed  in  the  disposition  of  these  fibres  in  the  Bird, 
Ileptile,  and  Fish. 

The  nutrient  arteries  of  the  heart,  are  the  two  coronary 
arteries,  the  first  branches  given  off  from  the  aorta;  they 
arise  just  beyond  the  semilunar  valves,  wind  round  the 
auriculo-ventricular  groove,  and  give  off  two  chief  branches 
which  run  along  the  furrows  between  the  ventricles.  The 
cardiac  veins  end  chiefly  in  a short  trunk,  named  the  cardiac 
sinus,  which  opens  into  the  back  of  the  right  auricle,  and  is 
protected  by  the  valve  of  Thebesius,  already  described  ; this 
sinus  is  interesting,  as  being  the  persistent  portion  of  the  lower 
end  of  the  left  descending  vena  cava  of  the  early  embryo,  the 
remainder  of  which  closes  from  the  root  of  the  neck  down  to  this 


200 


SPECIAL  PHYSIOLOGY. 


sinus,  leaving  only  certain  vestiges  behind.  Numerous  small 
cardiac  veins  enter  the  right  auricle  by  separate  openings.  It 
has  been  supposed  by  some,  that  the  blood  may  pass  directly 
from  the  cavities  into  interstices  in  the  tissue  of  the  heart, 
and  this  appears  to  be  the  case  in  the  heart  of  the  frog  and  of 
certain  Fishes,  in  wliich  only  one  ventricle  exists,  containing  a 
uniform  fluid  ; but  this  could  hardly  occur  in  the  hearts  of  the 
warm-blooded  Birds  and  Mammalia,  in  which  there  are  two 
separate  venfricles,  one  containing  dark  or  impure  blood.  In 
these,  ample  provision  exists,  in  proper  arteries,  capillaries, 
and  veins,  for  a special  nutrient  circulation.  The  lymphatics 
are  superficial  (fig.  101)  and  deep.  The  nerves  of  the  heart 
are  derived,  on  each  side,  from  the  pneumogastric  neiwes,  and  • 
from  the  sympathetic  system.  The  former  give  oflp  cardiac 
branches  from  their  trunks,  and  also  from  their  recurrent  laryn- 
geal branches ; whilst  the  latter  give  off  sympathetic  cardiac 
branches  from  the  cervical  ganglia.  The  phrenic  nerves  send 
offsets  to  the  pericardium,  and  possibly  a few  fibres  to  tlie 
heart  itself.  The  sympathetic  and  pneumogastric  branches 
unite  to  form  the  cardiac  plexuses,  from  which  small  plexuses 
and  branches  proceed  along  the  coronary  arteries.  Certain 
important  ganglia  exist  uj^on  the  heart ; the  ganylion  of 
Wrisberg  lies  beneath  the  arch  of  the  aorta,  and  in  animals, 
as  in  the  calf  and  frog  (Remak),  others  are  found  about  the 
base  of  the  ventricles.  In  the  course  of  the  cardiac  nerves, 
certain  enlargements  have  been  described  as  microscopic 
ganglia  (Lee) ; but,  according  to  other  auatomi.sts,  these  are 
thickenings  of  the  sheaths  of  the  nerves.  The  lining  mem- 
brane of  the  sinus  of  the  right  ventricle,  is  most  abundantly 
supplied  with  nerves. 

Course  and  Causes  of  the  Circulation. 

In  moving  through  the  human  body,  the  blood  takes  the 
following  definite  twofold  course,  the  circulation  in  Man,  like  the 
heart  itself,  being  double.  Proceeding  from  the  left  side  of  the 
heart  through  the  aorta  (fig.  108,  9,  9),  and  its  various  branches 
called  the  systemic  arteries,  the  blood  is  distributed  to  every 
part  of  the  frame,  reaching  the  capillary  vessels  throughout 
the  body  generally  ; from  these  capillaries,  it  passes  into  the 
minute  venules,  and,  collected  into  larger  and  larger  veins,  l, 
2,  finds  its  Avay  back  to  the  right  side  of  the  heart,  3,  4 : this 
part  of  the  circulation  is  called  the  greater  or  systemic  circula- 
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tion.  From  the  right  side  of  the  heart,  3,  4,  the  blood  issues 
through  xhepulnionary  artery,  5,  and  by  its  brandies  is  conveyed 
to  the  lungs,  passes  through  the  pulmonary  capillaries,  is  col- 
lected by  the  pulmonary  veins,  6,  and  so  returns  once  more 
to  the  lett  side  of  the  heart,  7,  8 : this  part  of  the  circulation, 
is  called  the  lesser  or  pulmonary  circulation.  In  the  systemic 
circulation,  therefore,  the  blood  leaves  the  left  side  of  the 
heart,  and  returns  to  the  riglit  side  ; in  the  pulmonary  circula- 
tion, the  blood  leaves  the  right  side  and  returns  to  the  left. 
I’he  left  side  of  this  organ,  is  sometimes  called  the  systemic, 
and  the  right  side  the  pidmonary,  heart.  The  greater  circula- 
tion being  performed  through  the  body  generally,  and  the 
lesser  circulation  through  the  lungs,  the  two  are  continuous,  at 
the  heart,  with  each  other,  a given  portion  of  blood  passing 
first  'through  the  one,  then  through  the  other,  afterwards 
through  the  former  again,  and  so  on.  The  portal  circulation, 
already  described  (p.  68),  is  a special  offset  of  the  systemic 
circulation. 

The  history  of  the  discovery  of  the  Circulation,  affords  a good 
illustration  of  the  slow  and  laboured  steps,  by  which  man  arrives 
at  true  knowledge.  By  Hippocrates,  400  b.c.,  the  veins  and 
arteries  were  confounded  under  one  name,  (pXelJtg,  plilehes,  the 
word,  artery,  being  applied  by  him  to  the  trachea  or  windpipe. 
Aristotle  distinguished  the  arteries  from  the  veins,  and  noticed 
that  the  former  were  usually  found  empty  of  blood,  contain- 
ing only  air  ; the  heart,  however,  was  known  by  him  to  be  in 
connection  with  the  veins,  and  these  were  supposed  to  convey 
the  blood  into  the  body.  Galen  was  the  first  to  maintain  that 
the  arteries  contained  blood  as  well  as  air.  V esalius  pointed 
out  that  the  two  sides  of  the  heart  have  no  direct  communica- 
tion. Servetus  demonstrated  the  passage  of  the  blood  through 
the  lungs.  The  term  ‘ circulation  ’ first  occurs  in  the  writings 
of  Cffisalpinus,  who  had  access  to  a treatise  by  Servetus.  At 
length,  in  1628,  William  Harvey  published,  in  his  work, 
motu  cordis  et  sanguinis  ’ — on  the  motion  of  the  heart  and 
blood — an  account  of  his  great  discovery,  or  demonstration  of 
the  real  course  of  the  blood,  or  of  the  Circulation.  He  founded 
his  conclusions,  first,  on  the  anatomical  connections  and  con- 
tinuity of  the  heart,  arteries,  and  veins;  secondly,  on  the  facts, 
that  on  dividing  an  artery,  blood  issues  from  that  end  which 
is  still  connected  with  the  heart,  whilst  on  dividing  a vein,  the 
blood  comes  from  the  end  furthest  fr-om  the  heart ; thirdly,  on 
the  fact  that  a vein,  when  tied,  swells  on  the  side  of  the  liga- 
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ture  furthest  from  the  heart ; and  lastly,  on  the  direction  of 
the  valves  in  the  veins,  and  of  those  situated  in  the  heart  itself. 
Afterwards,  the  mode  in  which  the  blood  passes  from  the 


Fig.  108.  Diagrain  of  the  cavities  ou  the  two  sides  of  the  heart,  to  show 
the  course  of  the  blood  through  it.  1,  Vena  cava  superior ; 2,  vena  cava 
inferior;  3,  right  auricle;  4,  right  ventricle;  5,  pulmonary  artery;  6,  6, 
j)uluionarj'  veins,  right  and  left ; 7,  left  auricle ; S,  left  ventricle ; 0, 
aorta ; 10,  hepatic  veins.  The  dark  parts  are  those  which  contain  wnous 
blood ; the  light  parts  contain  arterial  blood.  The  arrows  indicate  the 
course  of  the  blood  within  the  heart,  and  tlirough  the  lungs  and  the 
body.  Thus,  the  dark  blood  returns  from  the  upper  half  of  the  body 
by  the  superior  vena  cava,  1,  and  from  the  lower  half  of  the  body  by  the 
inferior  vena  cava,  2,  joined  by  the  hepatic  veins,  10 ; it  enters  the  right 
auricle,  3,  passes  into  the  right  ventricle,  4,  and  then  through  the  pul- 
monary artery,  5,  and  it  branches  tlirough  the  capillaries  of  both  lungs. 
Here,  it  is  changed  into  red  blood;  gathered  then  into  the  pulmonary 
veins,  6,  6,  it  enters  the  left  auricle,  7,  passes  into  the  left  ventricle,  8, 
and  thence  through  the  aorta.  9,  and  its  branches,  into  the  capillaries  of 
all  parts  of  the  body.  Here  it  again  becomes  dark,  and  is  once  more 
returned  by  the  venae  cav*,  1,  2,  to  the  right  side  of  the  heart.  It  is 
seen  that  the  right  and  left  sides  of  the  heart  do  not  communicate.  The 
one  always  contains  dark,  the  other  red  blood. 

arteries  into  the  veins,  not  quite  understood  by  Harvey,  was 
explained  by  Malpighi’s  discovery  of  the  capillary  vessels,  in 
the  frog’s  foot,  in  1(361. 


Fig.  108. 
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The  proofs  of  the  circulation  of  the  blood,  now  usually  ad- 
vanced, are  identical  with  those  just  mentioned,  viz.  the 
anatomical  connection  and  continuity  of  the  heart,  arteries, 
capillaries,  and  veins ; the  different  direction  in  which  the  blood 
escapes  from  a cut  artery  and  a cut  vein ; the  effect  of  ligature 
upon  the  veins ; the  special  direction  of  the  valves  of  the 
heart  and  veins ; and  lastly,  the  actual  observation  of  the 
blood  moving  in  the  capillary  vessels  of  the  transparent  parts 
of  animals,  such  as  the  translucent  bodies  of  the  larva?,  or 
young,  of  Amphibia  and  Fishes,  the  gills  of  the  tadpole,  the 
web  of  the  frog’s  foot,  the  mesentery  of  the  mouse,  the  wing 
of  the  bat,  and  even  the  retince  of  our  own  eyes. 

The  chief  cause  of  the  motion  of  the  blood,  is  tlie  con- 
traction of  the  muscular  walls  of  the  heart  upon  its  fluid 
contents.  But  the  movement  of  the  blood,  is  modified  by 
the  elasticity  and  muscular  contractility  of  the  coats  of  the 
arteries ; it  is  aided  by  the  pressure  of  the  muscles  of  the 
body  upon  the  veins,  and  likewise,  to  a certain  degree,  by  the 
movements  of  the  walls  of  the  chest  in  respiration.  Perhaps 
also  the  changes  incidental  to  nutrition,  secretion,  excretion, 
and  respiration,  which  occur  in  the  blood,  in  the  systemic  and 
pulmonary  capillaries,  may  influence  its  motion  through  them. 
The  direction  of  the  blood-current,  is  primarily  determined  by 
the  valves  within  the  heart,  and  is  aided  by  those  within  the 
veins. 

Action  of  the  Heart. 

The  heart,  the  great  agent  concerned  in  the  circulation, 
propels  the  blood  from  its  interior,  into  the  body  and  lungs,  by 
means  of  successive  contractions  of  its  ventricirlar  walls.  The 
contractility  of  its  muscular  tissue,  is  the  immediate  source  of 
the  motor  power  which  impels  the  blood  through  the  body. 
The  suspension  of  the  heart  within  the  smooth  pericardium, 
facilitates  its  movements;  Avhilst  the  equally  smooth  endo- 
cardium diminishes  the  friction  of  the  blood  against  the  walls 
of  its  cavities.  The  heart  has  been  likened  to  a force-pump, 
but  this  is  a rude  comparison ; for  a pump  is  a passive  appara- 
tus, through  which  some  extrinsic  force  operates ; whereas  the 
heart,  alteimately  dilating  and  contracting,  first  receives  the 
blood  from  the  veins,  and  then  drives  it  into  the  arteries,  by 
means  of  a force  resident  in  its  own  walls.  In  this  action, 
the  right  and  left  auricles  dilate  and  contract  together ; and 
the  right  and  left  ventricles  also  dilate  and  contract  together. 
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The  contraction  of  the  tvvo  ventricles,  always  takes  place  im- 
mediately after  that  of  the  two  auricles ; and  when  theventricles 
have  contracted,  an  interval,  or  pause,  occurs,  before  another 
contraction  of  the  auricles  takes  place,  and  during  this  pause, 
both  sets  of  cavities  are  gradually  dilating.  The  contraction 
of  the  auricles  and  ventricles,  is  named  their  systole,  Avhilst 
their  dilatation  is  called  their  diastole ; the  order  of  the  suc- 
cessive dilatation  and  contraction  of  these  parts,  was  compared 
by  Harvey  to  the  successive  movements  of  deglutition.  Thus, 
when  the  auricles  are  dilating,  they  receive  blood  from  their 
respective  veins,  and  when  they  contract,  they  force  the  blood 
into  the  ventricles,  which  are  then  dilating  to  receive  it ; when 
the  ventricles  are  filled,  they  in  turn  contract,  and  propel  the 
blood  into  the  great  arteries.  But  the  right  auricle  receives 
the  blood  from  the  body  generally,  and  the  right  ventricle 
propels  it  into  the  lungs ; whilst,  of  the  left  cavities  of  the 
heart,  parted  off  completely  from  tlie  corresponding  cavities  of 
the  right  side,  the  left  auricle  receives  the  blood  from  the 
lungs,  and  the  left  ventricle  propels  it  into  the  body.  As  the 
auricles  merely  propel  the  blood  into  the  ventricles,  their 
walls  are  comparatively  thin,  whilst  the  thicker  walled  ventri- 
cles have  relation  to  the  greater  tvork  they  have  to  perform. 
The  proportionately  greater  thickness  of  the  walls  of  the  left 
ventricle,  and  the  greater  strength  of  the  mitral  and  aortic 
semilunar  valves,  as  compared  with  the  tricuspid  and  pulmo- 
nary semilunar  valves  on  the  right  side  of  the  heart,  have 
reference  to  the  greater  force  needed  to  distribute  the  blood 
through  the  body,  than  through  the  lungs. 

On  tracing  the  course  of  the  blood,  through  the  body  and  the 
four  cavities  of  the  heart,  it  is  found  that,  proceeding  from  the 
left  ventricle  (fig.  108,  8),  the  blood  passes,  through  the  aorta 
and  arterial  system,  into  the  capillaries  of  the  whole  body,  and 
thence  back  by  the  systemic  veins,  l,  2,  into  the  right  auricle, 
.3  ; from  the  right  auricle  it  passes  into  the  right  ventricle,  4, 
and  thence  proceeds  through  the  pulmonary  arteries,  5,  capil- 
laries, and  veins,  6,  6,  of  the  lungs,  into  the  left  auricle,  7, 
from  which  it  passes  into  the  left  ventricle,  8,  and  thence  is 
propelled,  as  before,  through  the  aorta,  9,  into  the  arteries  of 
the  body. 

The  mechanism  and  details  of  these  movements,  are  very 
complex.  As  the  auricles  dilate,  the  blood  enters  and  dis- 
tends them,  that  filling  the  right  auricle,  coming  fr-om  the  two 
venag  cavas  and  the  nutrient  veins  of  the  heart  itself,  that  filling 
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the  left  auricle,  from  the  four  pulmonary  veins.  As  the  auricles 
are  filling,  some  of  the  blood  passes  through  them,  into  the 
corresponding  ventricles,  but  the  instant  the  auricles  are  fully 
distended,  they  contract,  and  discharge  nearly  the  whole  of 
their  contents  into  the  ventricles,  which,  at  this  period,  are 
dilating  to  receive  the  blood.  The  backward  flow  of  the  blood 
from  the  auricles  into  the  veins,  is  checked,  more  or  less  com- 
pletely,by  the  contraction  of  the  muscular  fibres  surrotmding  the 
orifices  of  the  vente  cavte  and  pidmonary  veins,  and,  as  regards 
the  right  auricle,  by  the  Eustachian  and  Thebesian  valves,  at 
the  mouths  of  the  inferior  vena  cava  and  cardiac  sinus,  and  bv 
those  in  the  great  veins  at  the  root  of  the  neck.  The  blood  passes 
from  the  auricles  into  the  ventricles,  through  the  right  and  left 
auriculo-ventricular  openings ; the  tricuspid  and  mitral  valves, 
placed  respectively  at  those  openings,  having  the  free  borders 
of  their  segments  directed  towards  the  ventricles,  offer  no 
opposition  to  this  movement  of  the  blood ; but  the  gradual 
filling  of  the  ventricles,  and  especially  their  complete  disten- 
sion, are  accompanied  by  a closure  of  the  segments  of  the 
valves,  the  blood  getting  behind  them,  or  between  them  and 
the  walls  of  the  distended  ventricles.  The  ventricles  now 
contract,  and  propel  the  blood  into  the  great  arterial  trunks 
proceeding  from  them,  i.  e.  the  right  ventricle  into  the  pulmo- 
nary artery,  and  through  the  lungs,  and  the  left  ventricle  into 
the  aorta,  and  through  the  body.  The  reflux  of  the  blood 
towards  the  respective  auricles,  is  now  prevented  by  the 
sudden  closure  of  the  tricuspid  and  mitral  valves,  the  seg- 
ments of  which  are,  moreover,  prevented  from  being  forced 
back  into  the  auricles,  by  the  chordse  tendine®  respectively 
attached  to  them.  The  blood,  driven  from  the  ventricles  into 
the  pulmonary  artery  and  the  aorta,  opens  the  segments  of 
the  semilunar  valves  situated  at  the  commencement  of  each 
of  those  vessels,  and  displaces  onwards  the  column  of  blood 
contained  within  them,  which,  however,  is  not  quite  stationar}". 
Four  effects  ensue : first,  a vibratory  impulse  to  the  blood 
columns  in  the  pulmonary  artery  and  aorta,  and  in  their 
branches ; secondly,  an  increased  velocity  of  the  blood  column ; 
thirdly,  an  increased  pressm-e  within  the  arteries ; and, 
fourthly,  owing  to  the  resistance  offered  by  the  blood  in 
front,  a distension  of  the  elastic  walls  of  the  arteries  them- 
selves. But  the  ventricles,  having  contracted,  after  a short 
pause  begin  to  dilate  again,  and  then  the  columns  of  blood 
in  the  two  great  arteries,  reacted  upon  by  the  recoil  of  the 
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distended  and  elongated  coats  of  those  vessels,  woiild  flow  back 
towards  the  ventricles,  if  the  segments  of  the  semilunar 
valves  did  not  speedily  open  out  across  the  mouths  of  those 
vessels.  The  blood  first  getting  into  the  pouches,  or  sinuses, 
of  Valsalva  behind  the  valves,  an  action  which  is  facilitated 
by  the  projecting  corpora  Arantii,  then  presses  on  the  whole 
arterial  surface  of  the  segments,  and  so  regurgitation  into  the 
ventricles  is  prevented.  The  force  which  thus  acts  upon  the 
two  columns  of  blood,  to  close  the  semilunar  valves,  is  the  re- 
silience of  the  coats  of  the  previously  distended  arteries  ; but  it 
is  itself  derived  from  the  heart’s  action,  which  has  caused  dis- 
tension of  the  vessels.  As  the  muscular  walls  of  the  ventricles 
relax,  and  their  cavities  dilate,  the  tricuspid  and  mitral  valves 
reopen,  and  blood  passing  from  the  auricles,  begins  to  fill 
them  again.  In  the  meantime,  the  auricles  themselves  have 
been  dilating  to  the  point  of  distension,  and  again,  at  that 
moment,  the  actions  of  the  heart  necessaiy  to  the  circulation 
recommence,  viz.,  the  rapid  contraction  of  the  auricles,  the 
complete  distension  of  the  ventidcles,  and  the  sudden  con- 
traction of  these  cavities. 

A complete  action  of  the  heart,  consists  of  a single  systole 
and  diastole  of  its  auricles  and  ventricles.  The  period  occu- 
pied in  such  an  action,  commences  with  the  systole  of  the  auri- 
cles, includes  the  systole  of  the  ventricles,  and  terminates  at 
the  perfect  diastole  of  the  auricles,  when  these  cavities  are 
fully  distended,  and  ready  to  perform  their  systole  again. 
During  this  period  of  a complete  cardiac  act,  the  auricles  con- 
tract quickly,  whilst  the  ventricles  contract  a little  more  slowly  ; 
but  the  auricles  dilate  slowly,  whilst  the  ventricles  dilate 
more  quickly.  Hence,  (see  the  Table  at  p.  212,)  the  svstole 
and  diastole  of  the  two  sets  of  cavities,  occupy  different 
parts  of  the  entire  period  of  a single  cardiac  action  or  beat. 

The  diastole  of  both  the  auricles  and  ventricles,  has  been 
supposed  to  depend  on  an  active  contraction  of  particular  sets 
of  their  muscular  fibres  ; but  it  is  now  generally  regarded  as 
a passive  phenomenon  of  dilatation,  dependent  on  the  rest  or 
relaxation  of  all  their  fibres. 

The  systole  of  the  auricles,  consists  of  a progressive  contrac- 
tion, which  spreads  from  the  orifices  of  the  great  veins  towards 
the  auriculo-ventricular  openings,  the  auricular  appendices 
acting  last;  the  auricles,  therefore,  contract  towards  the  base 
of  the  ventricles.  The  systole  of  the  ventricles  is  not  only 
somewhat  slower,  but  is  more  miiform  than  that  of  the  auricles, 
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being  simultaneous  through  every  part  of  their  walls,  the  total 
result  being  likewise  to  draw  them  towards  their  base,  i.e.  to- 
wards the  orifices  of  the  great  arterial  trunks.  By  this  action,  the 
ventricular  portion  of  the  heart  is  shortened,  rendered  thicker 
from  back  to  front,  and  more  convex  on  its  anterior  surface  ; 
it  is  also  widened  a little  posteriorly  (Budge) ; at  the  same  time, 
it  becomes  very  firm  and  hard,  like  any  other  contracted  mus- 
cular mass.  Owing  to  the  elongation  of  the  great  arterial 
trunks,  at  the  moment  of  their  distension  by  the  blood,  the 
base  of  the  heart  descends  within  the  thorax  ; moreover,  the 
apex  is  tilted  upwards,  and  lifted  a little  towards  the  left ; 
Avhilst  the  entire  heart,  owing,  perhaps,  to  the  obliquity  of  its 
muscular  bands,  rotates  slightly  on  its  axis,  and  undergoes  a 
screw-like  motion  to  the  right.  The  base  of  the  heart  appears 
to  move  to  a greater  extent  than  the  apex,  because  the  down- 
ward movement  of  the  entire  heart  lessens  the  change  of  posi- 
tion upwards,  caused  by  the  contraction  of  the  ventricles. 
Some  even  maintain  that  the  apex  is  moved  a little  down- 
Avards  and  to  the  left. 

These  changes  in  the  form  and  position  of  the  heart,  bring 
its  anterior  surface,  a little  above  the  apex,  up  to  the  walls  of 
the  chest,  the  pericardium,  however,  intervening,  and  pro- 
duce a slight  concussion  against  them.  This,  well  known  as 
the  impulse  of  the  heart,  is  felt  most  distinctly  opjjosite  a point 
a little  beloAv  the  middle  of  the  ventricles,  between  the  fifth 
and  sixth  ribs  of  the  left  side,  2 indies  from  the  sternum. 
The  impulse  coincides  with  the  systole  of  the  ventricles. 

The  auriculo-ventricular  valves,  and  the  semilunar  valves, 
are  open  and  shut  alternately  at  different  moments  of  the 
heart’s  action ; for  the  auriculo-ventricular  valves  are  open, 
and  the  semilunar  valves  closed,  during  the  diastole  of  the 
ventricles ; whilst  the  former  are  shut,  and  the  latter  open, 
during  the  systole  of  those  cavities.  Their  joint  action  is 
remarkable,  for  they  determine,  like  the  valves  of  a force- 
pump,  the  direction  of  the  blood  through  the  two  sides  of  the 
heart,  and  hence  the  course  of  the  circulation  generally.  The 
segments  of  the  auriculo-ventricular  valves,  connected  by  the 
chords  tendines  with  the  sides,  or  with  the  musculi  papil- 
lares,  of  the  corresponding  ventricles,  are  first  opened  by  the 
torrent  of  blood  rushing  from  the  auricle  into  the  ventricle;  then 
they  are  gradually  raised  from  the  sides  of  the  ventricle,  and 
suddenly  closed,  as  is  now  generally  maintained,  by  the  action 
of  the  blood  itself,  during  the  ventricular  diastole ; although 
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Haller,  from  observations  on  a living  animal,  believed  that 
their  closure  was  in  part  due  to  the  action  of  the  papillary 
muscles.  Immediately  the  ventricles  begin  to  contiact,  so 
as  to  change  the  form  and  size  of  the  cavities  and  auriculo- 
ventricrdar  orifices,  and  press  forcibly  upon  the  contained 
blood,  the  valve-segments,  as  already  stated,  are  prevented 
from  being  driven  back  into  the  auricle,  by  the  chordae  tendi- 
nete,  which  are  kept  tense  by  the  musculi  papillares  contract- 
ing simultaneously  with  the  walls  of  the  ventricles.  Were  it 
not  for  the  existence  of  the  papillary  muscles,  the  chordae  ten- 
dineae  would  be  relaxed,  and  the  segments  of  the  valves  would 
be  more  or  less  forced  into  the  auricular  cavities.  The  tricuspid 
valve  is  said  to  close  less  perfectly  than  the  mitral  (Himter) ; 
thus  a certain  quantity  of  blood  is  driven  back  into  the  right 
auricle,  and  also  beyond  it,  upon  the  blood  in  the  great  veins, 
producing  a slight  regurgitant  flow,  as  far  as  the  valves  of  the 
jugular  veins,  and  causing  a venous  pulse,  synchronous  with 
the  pulse  in  the  carotid  arteries.  The  reflux  thus  permitted 
from  the  right  ventricle,  is  jDrobably  imporUmt,  preventing  the 
over- distension  of  that  cavity  by  any  temporary  obstniction 
to  the  circulation  through  the  lungs,  from  muscular  efibrt,  or 
cold ; it  has  been  found  experimentally,  that  when  the  heart  is 
forcibly  distended,  its  pulsations  are  immediately  arrested,  a 
condition  which  is  thus  guarded  against.  It  is  certain  that 
the  quantity  of  blood  delivered  by  the  right  auricle  into 
the  right  ventricle,  is  subject  to  variation  ; whilst  that  pro- 
pelled from  the  left  auricle  into  the  left  ventricle,  is  probably 
uniform  ; on  that  side  of  the  heart,  the  mitral  valves  close 
accurately,  and  no  regurgitation  takes  place.  Vierordt,  how- 
ever, doubts  the  normal  occurrence  of  any  reflux,  even  on  the 
right  side,  because  no  such  regurgitation  takes  place  during 
the  auricular  systole,  nor  yet  any  backward  pressure  in  the 
venous  trunks. 

The  semilunar  valves  at  the  orifices  of  the  pulmonary  artery 
and  aorta,  have  no  chordiE  tendinete,  but  they  meet  accurately 
across  the  orifices  of  those  vessels,  the  little  corpora  Arantii 
assisting  in  the  complete  closure  of  the  three  segments  in  the 
centre.  These  valves,  opened  by  the  blood  projected  from  the 
venti-icles,  would  be  closely  applied  to  the  walls  of  the  arteries, 
were  it  not  for  the  presence  of  the  pouches  of  Yalsalva  behind 
them ; but  the  blood  retained  in  those  pouches,  facilitates  the 
separation  of  the  valves  firom  the  sides  of  the  vessels,  and  their 
subsequent  opening  out  across  those  vessels,  by  the  pressure  of 
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the  blood  acted  -upon  by  the  distended  and  resilient  arteries. 
The  shock  of  the  columns  of  blood  in  the  arteries,  is  sustained 
mainly  by  the  stronger  and  more  tendinous  part  of  the  valves, 
their  thinner  marginal  lunules,  being  applied  against  each 
other,  so  as  to  form  three  lines  radiating  from  the  centre  of 
the  vessel  between  the  contiguous  borders  of  the  valves.  The 
greater  the  resilient  force  of  the  arteries,  the  more  accurate 
and  close  is  the  apposition  of  the  valves. 

The  closure  of  the  auriculo-ventricular  and  the  semi-lunar 
valves,  is  necessarily  accompanied  by  a tightening  out  of 
their  respective  segments ; this  is  the  chief  cause  of  certain 
sounds,  which,  on  listening  over  the  region  of  the  heart,  are 
heard,  at  stated  intervals,  in  the  period  of  each  single  cardiac 
beat.  These  sounds  of  the  heart  are  two  in  number,  in 
each  beat.  They  are  audible  to  the  ear  placed  on  the  thorax  ; 
but  they  are  commonly  examined  by  the  tubular  instrument, 
named  the  stethoscope.  In  certain  circumstances,  they  may 
be  heard  by  the  individual  himself.  The  two  sounds  occur 
in  quick  succession,  after  which  there  is  a period  of  silence, 
often  named  the  pause.  The  first  sound  is  deep,  dull,  and 
long  ; the  second  is  higher  in  tone,  sharp,  and  short.  The  first 
closely  precedes  the  pulse  at  the  wwist,  and  coincides  nearly 
with  the  impulse  of  tlie  heart ; the  second  follows  immediately 
after  the  pulse.  Supposing  the  entire  period  of  the  heart’s 
beat,  to  be  divided  into  eight  equal  parts,  the  first  sound  and 
the  brief  period  which  elapses  between  it  and  the  second,  have 
been  said  to  occupy  four  parts ; the  second  sound,  to  take  rather 
less  than  two ; and  the  silent  interval,  or  pause,  between  it 
and  the  recurrence  of  the  first  sound  of  the  next  l)eat,  to 
occupy  rather  more  than  two  parts  (Laennec) ; hence  the  period 
of  the  sounds  would  be  to  the  period  of  silence,  as  3 to  1.  But 
the  proportions  have  been  perhaps  more  correctly,  stated  to  be 
2 to  1 (Williams),  or  nearly  1 to  1.  (Yolckmann.) 

From  observations  on  living  animals,  it  has  been  found  that 
the  first  sound  coincides  with  the  systole  of  the  ventricles,  the 
closure  of  the  auriculo-ventricular  valves,  the  opening  of  the 
semilunar  valves,  and  the  entrance  of  the  blood  into  the  great 
arteries.  At  this  period,  the  auricles  are  beginning  to  dilate. 
Moreover,  the  first  sound  is  speedily  followed  by  the  pulse, 
that  in  the  facial  artery  occirrring  about  -g^rth  of  a second,  and 
that  in  the  radial  artery  at  the  wrist  -^th  of  a second,  after- 
wards. The  second  sound  coincides  with  the  closure  of  the 
semilunar  valves,  and  the  opening  of  the  auriculo-ventricular 
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valves ; whilst,  at  this  period,  the  ventricles  besiin  to  dilate, 
and  the  auricles  continue  their  already  commenced  diastole. 
The  pause  of  silence,  which  succeeds  to  the  second  sound, 
coincides  with  the  full  dilatation,  and  the  subsequent  contrac- 
tion, of  the  auricle,  and  also  with  the  completed  dilatation  of 
the  ventricles ; during  this  pause,  the  semilunar  valves  are 
closed,  and  the  auriculo-ventricular  valves  are  open. 

The  causes  of  the  heart’s  sounds,  have  been  very  closely 
investigated,  owing  to  the  changes  which  they  undergo  in 
disease,  and  to  the  peculiarity  of  the  sounds  which  are  then 
developed.  The  fo'st  soimd  is  usually  referred  to  the  closure 
of  the  auriculo-ventricular  valves,  either,  directly  and  solely,  as 
being  dependent  on  the  sudden  tension  of  their  segments,  or, 
partially  and  indirectly,  as  due  also  to  the  muscular  sound 
of  the  contracting  ventricular  walls,  the  sudden  passage  of  the 
blood  into  the  great  arterial  trunks,  and  the  impulse  of  the 
heart  itself  against  the  side  of  the  chest.  Unless  these  valves 
were  closed,  the  walls  of  the  ventricles  would  not  act  so 
forcibly  as  they  do;  neither  would  the  blood  rush  into  the 
great  arteries,  nor  would  the  impulse  of  the  heart  be  so 
decided.  Whilst,  therefore,  as  is  commonly  believed,  the 
tension  and  vibration  of  the  tissue  of  the  closed  auriculo- 
ventricular  valves  may  be  really  the  chief  cause  of  this  sound, 
yet  the  three  other  accessory  causes,  viz.  the  muscular  sound 
of  the  ventricles,  the  sound  of  the  moving  blood,  and  its 
friction  against  the  orifices  of  the  arteries,  and,  lastly,  the 
impulse  of  the  heart  against  the  chest,  may  contribute  to  the 
prodttction  of  the  sound  as  actually  heard.  But  the  importance 
of  these  causes  has  probably  been  overrated.  That  the  muscular 
sound  is  not  essential,  is  shown  by  the  fact,  ascertained  experi- 
mentally, that  the  sounds  are  not  heard,  if  the  great  veins 
be  compressed,  so  that  no  blood  enters  the  heart,  although  its 
contractions  may  continue ; the  production  of  any  sotmd  by 
the  internal  movement  of  the  blood,  or  its  rushing  through 
the  arterial  openings,  is  doubtful ; and  ordinary  muscular  con- 
traction does  not  give  rise  to  any  loud  or  sudden  sound.  The 
cause  of  the  second  sound  appears  to  be  better  determined ; it 
is  attributed  almost  entirely  to  the  tension  of  the  suddenly 
closed  semilunar  valves,  across  the  orifices  of  the  aorta  and 
pulmonary  artery.  The  tension  of  the  membranous  substance 
of  the  valves,  is  sufficient  to  cause  a loud  sound ; but,  by 
many  authorities,  the  collision  of  the  columns  of  blood  in  the 
great  arteries,  against  themselves,  and  against  the  valves. 
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SO  as  to  produce  that  tension,  is  regarded  as  a conjoint 
cause  of  the  actual  sound  heard  in  the  heart.  When,  in 
living  animals,  one  segment  of  each  of  these  valves,  is  held 
back  by  a hooked  needle,  so  that  it  cannot  close,  the  second 
sound  of  the  heart  ceases.  This  sound  has  also  been  imitated 
in  dead  animals,  by  injecting  fluid  into  the  aorta,  against  the 
valves.  The  occurrence  of  changes  in,  and  the  occasional 
cessation  of,  the  second  sound,  in  cases  of  disease  of  the  semi- 
lunar valves,  also  favour  this  explanation ; so,  likewise,  does 
the  fact  that  the  second  sound  is  so  short,  and  occurs  at  the 
instant  of  the  tightening  out  of  these  valves,  and  not  during 
their  subsequent  and  quiet  closure.  Lastly,  there  is  no  other 
simultaneous  condition,  or  action,  of  any  part  of  the  heart 
which  could  produce  a sound ; the  ventricles  and  auricles  are, 
at  this  time,  both  quietly  dilating,  and  the  resilience  of  the 
great  arterial  trunks,  forcing  the  blood  back  upon  the  semi- 
lunar valves,  is  the  only  mechanical  action  then  capable  of 
causing  a sound. 

The  contraction  of  the  auricles,  which  occurs  in  the  latter 
part  of  the  pause  in  the  heart’s  beat,  produces  no  audible 
sound,  unless  the  heart  be  exposed,  and  the  stethoscope  be 
placed  upon  it. 

It  is  usually  held  to  be  confirmatory  of  the  preceding  views, 
as  to  the  causes  of  the  two  sounds  of  the  heart,  that  the  first 
sound  is  more  distinctly  heard  opposite  the  fifth  intercostal 
space  of  the  left  side,  below  the  left  nipple,  i.e.  over  the  region 
of  the  apex  of  the  ventricles,  where  these  approach  nearest  to 
the  walls  of  the  chest,  to  Avhich  they  communicate  the  sound ; 
whilst  the  second  sound  is  heard  most  clearly  in  the  third  left 
intercostal  space,  close  to  the  sternum,  i.e.  over  the  base  of  the 
ventricles,  and  the  commencement  of  the  great  arteries,  where 
tliese  approach  nearest  to  the  thoracic  walls. 

The  difference  in  the  pitch  and  character  of  the  two  sounds, 
is  partly  explicable  thus : the  deep  and  dull  tone  of  the  first 
sound,  may  depend  on  the  greater  size  and  deeper  position  of 
the  auriculo-ventricular  valves,  on  their  thicker  attachments, 
and  on  the  quantity  of  muscular  substance  which  overlies  them  ; 
the  higher  and  sharper  tone  of  the  second  sound,  may  be  con- 
nected witli  the  thinner  structure  and  attachments,  and  with 
the  less  covered  position  of  the  semilunar  valves. 

The  following  Table  shows  the  order  and  duration  of  the 
complicated  actions  of  the  different  parts  of  the  heart  during 
each  complete  beat,  and  also  their  relations,  in  point  of  time, 
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to  tlie  two  sounds  of  the  heart,  to  the  subsequent  pause  or 
interval  of  silence,  and  to  the  occurrence  of  the  pulse  at  the 
wrist.  The  duration  of  the  events  is  given  after  Laennec. 

It  is  seen  that  the  first  sound  occupies  of  the  entire  beat, 
the  second  nearly  of  the  beat,  and  the  period  of  silence 
rather  more  than  the  remaining  The  Table  likewise  ex- 
hibits the  alternation  of  the  systole  and  diastole  of  the  auricles 
and  ventricles,  as  well  as  the  relative  duration  of  their  respec- 
tive systolic  and  diastolic  conditions.  Thus  the  rapid  systole 
of  the  auricles,  occupies  only  .|th  of  the  whole  period,  and  their 
diastole  fths ; Avhilst  the  slower  systole  of  the  ventricles  occu- 
pies -I,  and  their  diastole  the  other  T of  the  whole  period  or 
beat.  According  to  Vierordt,  the  period  of  diastole  of  the 
auricle,  is  really  shorter,  being  only  |ths  or  |-ths  of  the  whole 
period ; the  remaining  |ths  or  Aths  of  that  time,  usually 
regarded  as  the  period  of  diastole,  must,  in  that  case,  be  viewed 
as  representing  a distended,  or  continued  dilated,  condition  of 
the  auricle.  In  the  Table,  the  systole  of  the  auricles  and 
ventricles  together,  is  seen  to  occupy  -|ths,  and  the  interval 
between  the  contraction  of  the  ventricles  and  the  commence- 
ment of  the  next  beat,  |-ths  of  the  whole  period.  According 
to  Cheveau,  however,  the  ventricular  systole  in  the  horse, 
occupies  only  a little  more  than  itn  of  the  entire  beat ; San- 
derson’s researches  coincide  with  this  statement  as  to  the  great 
rapidity  of  that  event. 

At  each  beat  of  the  heart,  the  ventricles  are  supposed  to  be 
almost  completely,  if  not  entirely,  emptied ; the  left  ventricle 
is  often  found  in  that  state  after  death,  especially  if  examined 
during  the  period  of  the  rigor  mortis.  On  a section,  the  walls 
of  that  ventricle  are  then  seen  to  be  so  thick,  from  their  contrac- 
tion,asto  have  been  frequently  described  asbeing hypertrophied. 
Although  the  right  ventricle,  as  already  mentioned,  allows  a 
little  blood  to  escape  back  into  its  corresponding  auricle,  yet 
both  ventricles  are  supposed  to  throw  practically,  equal  quan- 
tities of  blood ; for,  unless  this  were  so,  the  left  ventricle 
would  receive  either  too  little  or  too  much  blood  from  the 
synchronous  action  of  tlie  right  ventricle,  the  quantity  of  water- 
lost,  as  vapour,  from  the  blood,  in  its  course  from  one  ventricle 
to  the  other,  through  the  lungs,  being  insignificant,  amounting 
to  less  than  .|^th  of  a grain,  during  each  beat  of  the  heart.  The. 
quantity  of  blood  thrown  at  each  systole,  by  the  ventricles,  was 
formerly  said  to  be,  in  the  adult,  about  4 oz.,  which  was 
described  as  the  normal  capacity  of  each  of  those  cavities ; 
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but  the  most  recent  researches  have  led  to  higher  estimates, 
viz.  5'3  oz.  (Valentin),  6'2  oz.  (Volkmann),  and  even  6'3  oz. 
(Vierordt.)  Positive  measurements  are  impossible  ; the  results 
obtained,  rest  on  various  calculations  in  hsemadynamics,  to  be 
hereafter  mentioned.  The  capacity  of  the  aui-icles  is  said  to  be 
rather  le.ss  than  that  of  the  ventricles,  but  the  quantity  of 
blood  ■which  they  contain,  is  sufficient  to  distend  the  ventricles, 
as  these  are  partly  filled  by  blood  flowing  through  the  auricles 
into  them,  before  the  occurrence  of  the  amucular  systole. 

The /orce  of  the  auricular  contractions  cannot  be  measured. 
From  observations  on  the  blood-pressure  in  the  arteries,  the 
force  of  the  left  ventricle,  is  estimated  to  be  equal  to  about 
•gljyth  part  of  the  weight  of  the  entire  body  ; whilst  that  of  the 
right  ventricle,  is  supposed  to  be  less  than  half  that  force. 
The  difference  in  the  average  thickness  of  the  walls  of  the  two 
ventricles,  which  is  about  as  3 to  1,  affords  one  ground  for 
estimatmg  the  difference  in  their  power. 

The  dilatation  of  all  the  cavities  of  the  heart,  is,  at  least 
chiefly,  an  intrinsic  or  spontaneous  act,  and  not  simplv  a 
passive  distension,  caused  by  the  blood  flo'wing  from  the  veins 
into  the  auricles,  or  bj^  that  forced  by  the  auricles  into  the 
ventricles  ; for  when  tlie  heart  of  an  animal  is  removed  from 
the  body,  or  even  when  its  auricles  are  separated  from  the 
ventricles,  both  sets  of  cavities  not  only  contract,  but  dilate. 
In  neither  of  these  conditions,  however,  does  any  internal 
jDressure,  or  dilating  force,  act  upon  their  interior,  like  the 
blood  in  the  living  state ; the  cavities  of  the  heart  must 
therefore  dilate  spontaneously,  owing,  as  already  mentioned, 
to  the  relaxation  of  their  previously  contracted  muscular  walls. 
This  dilatation  assists  the  entrance  of  blood  into  them,  by 
diminishing  the  resistance  to  the  passage  of  that  fluid ; it 
thus  saves  the  waste  which  would  occur  in  the  employment 
of  a special  dilating  force. 

The  heart  in  Man,  as  obsen^ed  in  the  case  of  beheaded 
criminals,  beats  only  a few  minutes  after  their  execution  : this 
is  also  true  of  the  warm-blooded  animals.  Its  contractions 
continue  much  longer,  after  systenric  death,  in  cold-blooded 
and  hybernating  creatures.  The  actions  of  the  heart  become 
slower  and  irregular,  ceasing  last  in  the  right  auricle,  the 
so-caUed  ultimum  moriens.  They  are  stimulated  by  heat,  the 
injection  of  fresh  blood,  the  action  of  oxygen,  and  by  galvanism; 
they  are  arrested  by  carbonic  acid,  suljDhiuetted  hydrogen,  the 
vapour  of  chloroform,  and  also,  after  a time,  in  a complete 
vacuum. 
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The  beats  of  the  heart,  recurring  at  more  or  less  regular 
intervals,  exhibit  an  example  of  so-called  rhythmic  action ; their 
rhythm,  like  that  of  the  respiratory  movements,  is,  indeed,  very 
remarkable.  The  cause  of  this  rhythm  was,  at  one  time,  sup- 
posed to  be  the  stimulation  of  the  inner  surface  of  the  cavities 
of  the  heart  by  the  blood,  and  it  was  further  imagined  that 
some  relation  might  exist  between  the  special  irritability  of  the 
right  side  of  the  heart,  and  the  qualities  of  the  dark  or  venous 
blood  returning  from  the  body,  and  also  between  that  of  the  left 
side  of  the  heart,  and  the  qualities  of  the  red  or  arterial  blood 
entering  them  from  the  lungs.  Moreover,  the  ventricles, 
stimulated  to  contract  by  their  contents,  were  sujjposed,  after 
forcing  the  blood  through  the  body  and  lungs  respectively, 
to  accomplish  the  filling  of  the  auricles;  the  contraction  of 
these,  excited,  in  a similar  manner,  by  their  contents,  was  sup- 
posed once  more  to  fill  the  ventricles,  and  so  on.  The  mus- 
cular walls  of  the  heart,  undoubtedly  possess  great  irritability, 
even  in  a warm-blooded  animal ; the  inner  surface  of  the 
auricles  and  ventricles,  is  also  both  sensitive  and  excitable,  and 
is  certainly  more  rapidly  acted  on  by  poisons  than  their  oirter 
surface.  (Henry.)  But  the  heart,  or  even  a separate  portion 
of  that  organ,  taken  from  a hybernating  warm-blooded,  or  from 
any  cold-blooded  Vertebrate  animal,  may  not  only  retain  its 
general  irritability  for  days,  but  may  continue,  for, a time,  to 
perform  rhythmic  contractions  and  dilatations,  even  if  removed 
from  the  body,  though  no  blood  is  left  in  it,  and  though 
freed  fi-om  the  stimulus  of  oxygen,  as  when  placed  in  a vacuum. 
The  frog’s  heart  will  beat  thus  for  twelve  hours.  Although, 
therefore,  the  rhythmic  motions  of  the  heart  in  the  living 
animal,  may  be  partly  due  to  the  stimulus  of  the  blood  enter- 
ing its  cavities,  yet  this  cannot,  under  all  circumstances,  be 
tlie  cause  of  such  rhythmic  actions. 

Through  the  pneumogastric  nerves,  the  cerehro- spinal 
nervous  centres,  as  shown  by  experiment  and  by  observation 
in  disease,  greatly  influence  the  heart’s  action,  imder  some  cir- 
cumstances, increasing,  and,  under  others,  lowering  or  inhibiting 
it  (vol.  i.  p.  389) ; but  there  is  no  evidence  of  their  being  the 
cause  of  the  rhythmic  character  of  its  movements.  The  action 
of  the  heart  is  influenced  by  the  emotions  and  passions,  and,  ac- 
cording to  some,  even  by  the  will.  In  the  celebrated  case  of 
Colonel  Townsend,  recorded  by  Cheyne,  the  breath  could  be 
held,  and  thus  the  movements  of  the  heart  could  be  controlled 
by  an  act  of  the  will.  The  heart  is  excited  or  depressed  by 
various  diseases  of  the  brain,  as  by  cerebral  inflammation  on 
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the  one  hand,  and  by  apoplexy  on  the  other ; and  its  action  is 
disturbed,  or  even  abruptly  suspended,  by  severe  injurj'  or 
destruction  of  the  brain  or  spinal  cord,  or  of  these  t'wo  parts  of 
the  nervous  centres  together.  These  and  other  phenomena  of 
a similar  kind  are  due  to  excitement  or  shock,  and  their  effects 
are  often  more  or  less  transitory.  The  sympathetic  nei-vous 
centres,  and  the  cervical  parts  of  the  spinal  cord  with  which  they 
are  connected,  also  influence  the  movements  of  the  heart,  as  is 
shown  by  experiments,  and  by  the  effects  of  blows  on  the  abdo- 
men, or  of  other  injury,  or  disease  (vol.  i.  p.  391).  But  if  the 
injury,  either  to  the  cerebro-spinal  or  sympathetic  system,  be 
gradually  inflicted,  the  heart’s  movements  wll  continue,  even 
although  the  brain  and  spinal  cord  be  removed,  particularly 
if  artificial  respiration  be  performed.  From  these  facts,  and 
especially  from  the  circumstance  that  the  rhythmic  movements 
continue  after  the  removal  of  the  heart,  it  is  evident  that  the 
regulating  agent  of  these  movements,  is  not  in  the  great 
nervous  centres,  but  somewhere  in,  or  upon,  the  heart  itself. 
It  is  now  admitted,  indeed,  that  the  numerous  sympathetic 
ganglia,  connected  with  the  nerves  upon  the  heart,  are  the 
soiurces  of  the  stimirlus  or  force  which  excites  the  rhythmic 
contractions  of  its  muscular  fibres.  In  the  hearts  of  the  frog 
and  tortoise,  these  ganglia  are  chiefly  found  near  the  junction 
of  the  auricles  and  ventricles,  in  the  neighbourhood  of  the 
auriculo-ventricular  openings.  If  the  heart  of  one  of  these 
animals,  be  removed  from  the  body,  and  be  divided  longitu- 
dinally into  its  right  and  left  halves,  the  auricle  and  ventricle  in 
each  half  will  still  continue  to  contract  and  dilate  rhythmically ; 
if,  however,  the  heart  be  divided  transversely,  below  the  base 
of  the  ventricles,  so  that  a larger  or  smaller  portion  of  the 
ventricles  is  detached  from  the  rest  of  the  heart,  the  auricles 
and  the  base  of  the  ventricles  which  are  connected,  continue 
to  contract  rhythmically.  But  the  separated  piece  of  the 
ventricles,  no  longer  does  so,  although  isolated  and  spreading 
contractions  may  still  be  excited  in  it,  by  the  application  of  a 
mechanical  or  other  stimulus.  By  yet  further  sections,  the  re- 
gulating agent  of  the  rhythmic  action,  is  shown  to  be  confined 
to  the  immediate  neighbourhood  of  the  auriculo-ventricular 
orifices,  or  to  the  line  of  junction  between  the  auricles  .and  ven- 
tricles, in  which  part  the  chief  ganglia  are  found.  The  syn- 
chronous combination  of  the  auricular  and  ventricular  motions 
on  the  two  sides,  may  be  due  to  connections  between  the  several 
ganglia.  These  local  cardiac  ganglia  must  be  regarded  as 
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nervous  centres,  which  originate  a co-ordinate  and  rhytli- 
mically  exerted  energy,  stimulating  the  muscular  fibres  of  the 
auricles  and  ventricles  to  perform  their  characteristic  move- 
ments, in  regular  and  periodic  succession.  It  has  been  sug- 
gested that  these  nervous  centres  exert,  or  discharge,  such 
energy  rhjHhmically,  or  at  periodic  intervals,  owing  to  a 
periodicity  in  their  nutritive  processes,  by  which  they  alter- 
nately accumulate  and  discharge  the  nerve  force  necessary  to 
excite  the  muscular  substance  of  the  heart  (Paget).  Why 
this  periodicity  of  nutrition  occurs,  is  still  unexplained. 

It  has  been  supposed  that  the  condition  of  the  blood  dis- 
tributed to  the  substance  of  the  heart  itself,  may,  in  some  way, 
determine  its  rhythmic  actions,  either  the  presence  of  dark 
venous  blood  in  its  capillaries  directly  stimulating  the  mus- 
cular contractility  (Brown-Sequard),  or  the  absence  of  oxy- 
gen acting  in  a similar  manner  (Eadcliffe). 

When  the  heart  of  a cold-blooded  animal  is  removed,  irri- 
tation of  any  part  of  it,  is  propagated  to  the  rest,  and  rhythmic 
contractions  are  set  up ; but  if  the  heart  be  partially  divided,  the 
effects  of  the  irritation  may  be  still  conducted  along  muscular 
parts,  but  not  along  the  tendinous  structures.  In  the  entire 
heart,  when  removed,  the  auricular  contractions  always  begin 
at  the  sinus  ; this  fact,  and  also  the  successive  actions  of  the 
auricles  and  ventricles,  justify  the  comparison' of  these  move- 
ments, to  the  progressive  peristaltic  motions  of  the  oesophagus 
and  intestines.  When  a ligature  is  applied  around  the 
entrance  of  the  venae  cavae  into  the  right  auricle,  the  auricles 
and  ventricles  remain  for  a time  distended,  but  the  sinus  con- 
tinues to  contract. 

The  frequency  of  the  beats  of  the  heart,  as  indicated  by  the 
impulse  against  the  left  side,  and  by  the  pulse,  averages,  in  a 
healthy  adult,  about  70  in  a minute;  but  in  the  male,  it  is 
below,  and  in  the  female,  above  that  number.  The  frequency 
of  the  heart’s  beats,  and  therefore  of  the  pulse,  is  modified, 
however,  by  many  circumstances.  It  is  affected  by  the 
stature,  being  slorver  in  tall,  and  quicker  in  short  persons.  The 
influence  of  sex  just  indicated,  may  possibly  be  due  to  the 
accompanying  difference  in  stature ; the  difference  in  the  sexes 
ranges  from  10  to  14  per  minute.  Age  has  a still  more 
remarkable  effect.  Thus  the  pulse  is  quicker  before  birth 
than  after.  In  infancy  it  is  very  rapid,  and  it  gradually 
diminishes  in  frequency  as  life  advances.  It  is  said,  however, 
to  be  somewhat  slower  in  infants  under  six  mouths  of  age. 
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than  after  that  period,  and  also  to  become  quicker  again 
in  extreme  old  a?e  ; — 

O 


Frequency  of  the  Pulse  at  different  Periods  of  Life. 

No.  of  Beats  per 

Periods  of  Life  llinnte 


Before  birth 
At  birth  . 

First  year  . 

Second  „ 

Third  „ . 

Seventh  „ 

Fourteenth  „ 

Adult  life 

Old  age  (above  70) 


150 

UO  to  130 
130  „ 115 
115  „ 100 
100  „ 90 

90  „ 85 

85  „ 80 

75  „ 65 

80  „ 75 


Temperament  and  idiosyncrasy  modify  the  number  of  the 
heart’s  beats,  which  are  fewer  in  phlegmatic,  and  quicker  in 
sanguine  and  nervous  persons.  Tlie  heart  beats  more  slowly 
in  sleep,  and  more  quickly  during  excited  states  of  the  mind 
or  body ; the  depressing  passions  lower  the  number  of  its 
beats,  or  even  aiTest  its  movements  altogether.  Disease  some- 
times, as  in  fever  and  inflammation,  increases  the  frequeucA' 
of  the  heart’s  action,  or,  as  in  compression  of  the  brain  and 
in  apoplexy,  diminishes  it.  Loss  of  blood,  when  gradual  and 
moderate,  diminishes  the  frequency  of  the  heart’s  beats ; 
whilst  sudden  or  excessive  hasmorrhage  increases  them.  The 
effect  of  taking  food,  is  to  accelerate  the  heart’s  action,  animal 
food  producing  a more  immediate  effect,  and  vegetable  food  a 
more  lasting  one  : warm  food  acts  more  quickly  than  cold. 
The  effect  of  alcoholic  and  other  stimulants  is  well  known, 
and  is  indicated  by  their  title.  It  is  alleged,  that  the  pulse  is 
more  accelerated  after  breakfast  than  after  dinner.  Absti- 
nence and  starvation  lower  its  frequency,  so  also  does  the 
prolonged  use  of  a vegetable  diet,  or  the  drinking  copiously  of 
water.  Muscular  exertion  increases  the  number  of  the  heart’s 
beats,  an  alternate  contraction  and  relaxation  of  the  muscles, 
haA'ing  a greater  effect  than  a continuous  conti-action  ; it  also 
increases  the  respiration.  Posture  has  a remarkable  influence. 
eA'idently  dependent  on  the  muscular  effort  expended  in  main- 
taining different  positions  of  the  body  ; thus,  the  beats  of  the 
heart  are  slowest  in  the  recimibent,  someAvhat  quicker  in  the 
sitting,  and  most  frequent  in  the  standing,  posture.  The  in- 
crease per  minute,  produced  by  the  change  from  the  recum- 
bent to  the  .sitting  position,  is  G,  and  ft'om  the  latter  to  the 
standing  posture  9 more,  i.e.  a difference  of  15  occurs  between 
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the  lying  and  standing  positions.  The  effect  of  postnre  is 
greater  in  the  morning  than  in  the  evening,  and  it  is  greater 
also  when  the  pulse  is  quick  than  when  it  is  slow,  the  differ- 
ence resulting  from  the  change  between  lying  down  and 
standing  being  9 only,  when  the  pulse  is  60,  15  when  the 
pulse  is  80,  and  27  when  the  pulse  is  already  100  (Guy).  That 
the  increase  in  the  heart’s  beats,  from  change  of  posture,  is  due 
to  muscular  effort,  is  shown  by  placing  a person  in  the  recum- 
bent position  on  three  chairs,  and  then  removing  the  central 
one,  when  the  pulse  immediately  rises,  although  the  horizontal 
position  is  still  maintained  ; whereas,  in  a person  fastened  to 
a revolving  board,  and  moved  into  the  erect  posture,  Avithout 
effort  of  his  own,  no  such  elevation  of  the  pulse  takes  place. 
The  frequency  of  the  heart’s  action  undergoes  changes  coinci- 
dent with  the  seasons,  being  greater  in  spring  and  summer 
than  in  autumn  or  Avinter.  The  rapidity  of  the  heart’s  action, 
is  also  influenced  by  the  hour  of  the  day,  being  ahvays  quicker 
in  the  morning,  and  someAvhat  retarded  toAvards  eA'ening,  other 
conditions  as  to  health,  food,  and  the  state  of  the  body  being 
equal  ; this  difference  depends,  doubtless,  on  the  gradual  ex- 
haustion of  the  poAvers  of  the  system  during  the  day’s  Avork, 
and  on  the  recovery  of  poAver  by  the  rest  obtained  at  night ; it 
may  partly  explain,  Avhy  the  pulse  is  more  accelerated  after 
breakfast  than  after  dinner.  During  fasting,  the  pulse  exhibits 
three  periods  of  increased  rapidity,  and  three  periods  of 
descent  in  the  tAventy-four  hours  ; thus,  it  rises  from  midnight 
to  2 A.M.,  from  10  to  11  a.m.,  and  from  2 to  6 p.m.  ; AAdiilst  it 
falls  from  3 to  4 a.m.,  from  1 to  2 p.m.,  and  from  6 to  8 p.m. 
The  joint  effect  of  the  time  of  day  and  of  food,  is  illustrated  by 
the  fact  that  the  pulse,  though  progressiAmly  decreasing  from 
tAvo  hours  after  breakfast  to  fiom  3 to  5 in  the  morning, 
exhibits  fluctuations  after  each  meal,  so  that  four  maximum, 
and  four  minimum,  points  are  noticeable  daily.  The  difference 
between  the  highest  and  lowest  points,  varies  from  fourteen  to 
thirty-four  pulsations.  The  minimum  points  are  all  observed 
before  meals,  the  maximum  points  about  tAvo  hours  after- 
Avards,  the  greatest  increase  being  after  breakfast.  Ex- 
ternal temperature  and  its  concomitant  effects  on  the  body, 
also  influence  the  beats  of  the  heart  most  materially,  an  eleva- 
tion of  temperature  increasing,  and  a gradual  loAvering  of  the 
temperature  diminishing,  their  frequency,  as  is  illustrated  by 
the  exciting  effect  of  a Avarm  bath,  and  by  the  influence  of  long 
continued  exposure  to  cold  ; but  the  sudden  and  brief  appli- 
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cation  of  cold,  accelerates  the  beats  of  the  heart.  Elevation 
above  the  level  of  the  sea — in  other  words,  a diminution  of 
the  atmospheric  pressure — is  found  to  increase  the  beats  of 
the  heart ; thus.  Dr.  Frankland,  whose  natural  pulse  is  60, 
tbund  that  after  six  hours’  sleep  on  the  summit  of  Mont  Blanc, 
thus  excluding  the  effects  of  recent  muscular  effort,  his  pulse 
was  120  per  minute  ; on  reaching,  in  the  descent,  the  so- 
called  CoiTidor,  it  was  108;  at  the  Grand  Mulet  it  was  88  ; 
and  at  Chamounix  it  was  56.  As  one  effect  of  high  elevation, 
is  to  increase  the  frequency  of  the  respiration,  in  conse- 
quence of  the  greater  tenuity  of  the  atmosphere,  and,  as  a 
relation  exists  between  the  frequency  of  the  heart’s  action  and 
the  respirator}'’  movements,  the  increased  rapidity  of  the  pulse 
in  elevated  positions,  may  thus  be  partly  explained.  An  in- 
crease in  the  density  of  the  atmosphere,  such  as  takes  place  in 
a submerged  diving-bell,  is  said  to  lower  the  frequency  of  the 
pulse,  and  also  the  movements  of  respiration.  An  increase  of 
barometric  pressure  of  4-th  of  the  normal  pressure,  lowers  the 
pulse,  on  an  average,  ten  beats  per  minute,  whilst  the  respira- 
tions are  simultaneously  lessened  by  two.  (Vivenot.) 

The  normal  relation  between  the  number  of  respirations  and 
the  heart’s  beats,  is,  on  an  average,  1 to  4 ; in  diseased  con- 
ditions, this  ratio  is  often  interfered  with,  but  it  is  preserved  in 
those  accelerations  or  retardations  of  the  breath  and  pulse, 
which  take  place  in  the  healthy  state,  such  as  those  due  to  exer- 
cise, change  of  posture,  food,  stimulants,  and  emotion,  or  to  the 
opposite  conditions  of  re.st,  abstinence,  or  depressing  influences. 
Thus,  if  the  normal  respirations  were  16  per  minute,  the 
pulse  would  be  about  64  ; and  if  tlie  former  were  increased  to 
18  or  20,  the  latter  would  be  raised  to  72  or  80.  Expiration 
diminishes,  and  inspiration  increases,  the  frequency  of  the 
pulse. 

A certain  relation  appears  to  exist  between  the  facility  or 
the  difliculty  of  the  capillary  circulation,  and  the  rapidity  or 
slowness  of  the  heart’s  action  : and  this  mav  explain  some  of 
the  preceding  phenomena.  Thus,  the  application  of  cold  to 
the  surface  of  the  skin,  limiting  or  checking  the  circulation 
through  the  systemic  capillaries,  by  contracting  the  small 
arteries,  is  accompanied  by  a retardation  of  the  heart's  beats : 
a state  of  repose  acts,  but  less  powerfully,  in  the  same  way. 
A feeble  and  slow  respiration,  lessening  the  capillary  circula- 
tion through  the  lungs,  has  a similar  elfect : so  also  has  hold- 
ing the  breath.  On  the  other  hand,  exercise  and  heat 
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quicl<en  the  sj’stemic  capillary  circulation,  and  also  increase  the 
frequency  of  the  ventricular  systoles,  and  so  does  a quickened 
and  active  condition  of  the  respiration.  Any  obstacle  to 
the  flow  of  blood  through  the  vessels,  and  thereby  to  the 
action  of  the  ventricles,  appears  therefore  to  be  sympathised 
with,  and  a reduction  of  the  heart’s  beats  is  the  result ; whilst 
the  removal  of  such  obstacle  is  followed,  in  like  manner,  bv 
the  greater  rapidity  of  the  beats.  Exercise,  excitement,  and 
food,  probably,  also  act  on  the  heart,  by  producing  a greater 
Ilow  of  blood  to  that  organ. 

Not  only  the  frequency,  but  the  force  of  the  heart’s  beats, 
may  be  modified  by  external  or  internal  circumstances.  This 
force  is  increased  by  all  those  conditions  which  may  be  charac- 
terised as  stimulating  or  strengthening,  such  as  exerci.se,  food, 
stimulants,  repose,  and  so  on ; whilst  depressing  and  Aveaken- 
ing  conditions,  on  the  other  hand,  lessen  its  force.  Stimulating 
medicines,  such  as  ammonia,  ether,  and  alcoholic  preparations, 
increase  the  force  and  frequency  of  the  heart’s  beats ; Avhilst 
sedatives,  and  especially  digitalis,  diminish  their  frequency,  the 
latter  drug  not  lessening  the  force.  The  impulse  of  the  heart, 
generally  proportional  to  the  strength  of  the  body,  is  aftected 
by  various  conditions ; it  is  least  felt  in  the  recumbent  posi- 
tion, on  the  back  or  on  the  right  side,  and  most  distinctly  in 
the  prone  position,  or  Avhen  lying  on  the  left  side  ; in  the  up- 
I'ight  posture  it  is  moderately  strong.  The  impulse  of  the 
heart  is  less  manifest  in  stout  j^ersons,  but  much  more  evident 
in  thin  ones  ; it  is  also  more  perceptible  during  a forcible 
expiration,  and  less  so  during  a powerful  inspiration,  because, 
in  the  latter  case,  the  heart  is  overlapped  by  the  inflated  lung, 
whilst  in  the  former,  it  approximates  closely  to  the  Avails  of 
the  chest.  It  is  also  increased  by  exciting  causes,  such  as  ex- 
ercise, food,  stimulants,  and  certain  emotions  Avhich  produce 
the  so-caUed  perceptible  impulses  constituting  palpitation  of 
the  heart.  As  already  mentioned,  the  rhythm  of  the  heart  may 
be  interfered  Avith  by  causes  acting  through  the  nerAuus  system, 
in  Avhich  case,  it  may  even  become  irregular,  so  that  successive 
beats  of  the  heart  take  place  at  unequal  interAmls  of  time,  or 
certain  beats  may  altogether  intermit. 

Lastly,  the  force,  rhythm,  impAilse,  and  likeAvise  the  sounds  of 
the  heart,  are  A-ariously  modified  by  morbid  conditions  of  that 
organ  and  the  adjacent  parts,  as  by  thickening  or  hj^pertrophy, 
thinning  or  atrophy,  of  its  walls,  thickening  and  imperfect 
closure  of,  or  irregular  growths  on  its  valves,  adhesion  of  the 
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peric.ardinm  to  the  heart,  or  the  presence  of  membranous 
deposits  or  fluid  between  it  and  that  organ.  The  impulse  and 
sounds  may  even  be  altered  by  affections  of  the  lungs,  pleura, 
or  thoracic  walls.  The  morbid  changes  in  the  sounds  of  the 
heart,  are  distinguished  by  terms  descriptive  of  their  character, 
position,  cause,  or  period  of  occurrence.  Thus,  there  are 
murmurs  blowing  or  rasping,  and  friction  sounds ; mitral  or 
tricuspid  sounds  ; aortic  or  pulmonaiy  ; regurgitant  or  constric- 
tive ; diastolic  or  systolic.  The  most  marked  and  frequent 
murmurs  are  the  mitral  regurgitant,  from  imperfect  closure  of 
the  mitral  valve,  and  the  aortic  constrictive,  from  narrowing  of 
the  orifice  of  the  aorta.  General  enlargement  of  the  heart,  in- 
creases the  area  of  local  dtdness  on  percussion  of  the  chest, 
due  to  the  contrast  between  the  solid  heart  and  the  inflated 
lung.  Fluid  effused  into  the  pericardium,  also  increases  the 
dulness ; but,  moreover,  it  weakens  or  gives  a distant  charac- 
ter to  the  heart’s  sounds.  Drier  and  solid  effusions,  as  of 
lymph,  cause  a peculiar  pericardial  friction  sound,  or  even 
tremors  which  may  be  felt  in  the  thoracic  parietes,  dependent 
on  a rubbing  together  of  the  surfaces  of  the  heart  and  its  peri- 
cardial sac. 


Motion  of  the  Blood  through  the  Arteries,  and  influence  of  those 
Vessels  on  the  Circulation. 

The  phenomena  of  the  circulation  of  the  blood  through  the 
arteries,  have  been  stirdied  exclusively  in  the  systemic  arterial 
vessels;  for  the  pulmonary  arteries  and  their  branches  are 
removed  from  direct  observation  and  experiment.  The 
structiue  and  distribution  of  the  arteries,  the  properties  of  their 
coats,  and  their  mode  of  subdivision  and  anastomoses,  already 
described  (vol.  i.  pp.  18,  and  ~)7),  have  important  influences  on 
the  motion  of  the  blood  through  them.  The  very  smooth,  glassy 
surface  of  the  internal  coat,  serves,  like  that  of  the  endocardium 
of  the  heart,  to  diminish  the  friction  between  the  blood  and 
the  sides  of  the  bloodvessels. 

The  remarkable  physical  property  of  elasticity,  possessed  by 
the  middle  arterial  coat,  is  of  extreme  importance  ; it  exists  in  a 
more  striking  degree  in  the  larger  arteries,  especially  in  those 
near  to  the  heart ; it  is  manifested  not  only  on  stretching  the 
vessel  in  a lateral,  brrt  also  in  a longitudinal  direction.  Two 
puiqmses  are  served  by  this  elasticity ; first,  it  protects  the 
arteries  against  the  force  of  the  heart,  to  which  they  yield. 
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instead  of  oifering  a rigid  resistance ; and,  secondly,  it  enables 
them  to  recoil,  alter  they  have  thus  yielded,  and  to  react  upon 
the  column  of  blood  within  them.  It  is  this  recoil  which 
gradually  converts  the  intermittent  force  of  the  heart,  into  a 
continuous  pressure  in  the  small  vessels.  Moreover,  the 
elasticity  of  the  arteries  enables  them  to  bear  occasional 
increase  in  the  quantity  of  blood  forced  into  them  from  the 
ventricles,  as  in  conditions  of  excitement ; or  a more  permanent 
addition  to  the  normal  quantity,  as  in  plethora.  Lastly,  it 
prevents  their  compression  by  the  ordinary  muscular  move- 
ments, and  permits  them  to  bend  and  elongate,  and  so  to 
accommodate  themselves  to  changes  of  position  in  the  trunk 
and  limbs. 

The  vital  contractility  of  the  involuntary  muscular  arte- 
rial walls,  is  of  equal  importance.  Contrary  to  what  is  the 
case  with  their  elasticity,  this  contractility  is  feebly  manifested 
by  the  larger  arteries,  but  is  very  active  in  the  smaller  ones. 
This  property  of  the  arteries,  is  shown  by  their  slow  contrac- 
tion after  death,  owing  to  which,  when  no  longer  distended  by 
the  force  of  the  heart,  they  contract,  and  are  usually  emptied 
of  blood ; also  by  their  contraction  under  the  influence  of 
cold,  heat,  and  mechanical,  chemical,  and  electrical  stimuli, 
applied  either  to  themselves,  or  to  their  nerves.  Like  the 
contractility  of  the  other  muscular  fibres  of  organic  life,  that 
of  the  arteries  is  slow  in  its  manifestation.  Different  stimuli, 
however,  act  differently  in  exciting  it.  Some  are  said  to  cause 
slow  conti’action,  and  others,  a more  rapid  contraction,  with 
subsequent  slow  return  to  the  natural  state  ; some  speedily 
produce  marked  dilatation,  and  others,  a dilatation,  followed 
slowly  by  a persistent  condition  of  contraction.  The  stronger 
the  stimulus,  the  more  likely  is  it  to  produce  this  latter  effect. 
The  tonic  contraction  of  an  artery  is  powerfully  excited  by 
cold ; whilst  warmth  relaxes  it ; but  a caustic  heat  causes  the 
most  durable  contraction,  which  may,  in  part,  explain  the  effect 
of  the  actual  cautery  in  arresting  haemorrhage.  John  Hunter 
demonstrated  the  existence  of  this  contractility  in  portions  of  the 
moderate-sized  arteries,  which,  he  showed,  went  on  conti-acting, 
for  a time,  after  death,  by  a sort  of  rigor  mortis^  and  then  dilated 
again, owing  to  the  resiliency  of  the  elastic  coat.  Poiseuille  found 
that,  after  subjection  to  an  equal  distending  force,  an  artery, 
which  still  retained  its  vital  contractility,  contracted  more  than 
a perfectly  dead  one  ; he  also  observed  that  when  a living  artery 
was  injected  with  a certain  force,  it  recoiled  with  a greater 
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force,  a result  implying  more  than  the  reaction  of  mere  elas- 
ticity, which  could  only  be  equal  to  the  original  force.  The 
vital  contractility  of  the  smaller  arteries,  has  been  demonstrated 
in  the  mesenteric  arteries  of  toads  and  frogs,  by  means  of 
cold  (Schwann),  by  the  application  of  magneto-electricity  to 
the  frog’s  web  (Weber  and  Kblliker),  and  in  still  smaller 
vessels  in  the  mouse,  bat,  and  frog,  by  various  chemical,  irri- 
tant, and  mechanical  stimuli  (Wharton  Jones,  Lister,  and  many 
others).  Weber  found  that  minute  arteries  begin  to  contract 
in  two  or  three  seconds  after  stimulation ; in  five  to  ten  seconds, 
they  are  diminished  to  half  their  original  area,  and.  the 
stimulus  being  continued,  become  completely  closed,  after 
Avhich,  the  electrical  cuixent  being  removed,  they  slowly 
dilate  again  to  their  original  size.  The  vital  contractility  of 
the  arteries,  may  be  excited  through  the  nervous  system,  either 
directly,  or  in  a reflex  manner ; for  they  undergo  changes  in  dia- 
meter, through  the  contraction  or  relaxation  of  their  muscular 
coat,  induced  by  division  or  irritation  of  the  vasi-motor  nerves 
or  nervous  centres  (vol.  i.p.  389).  Two  purposes  are  fulfilled  by 
this  vital  contractility  of  the  arteries;  first,  that  of  slowly  adapt- 
ing the  capacity  of  the  entire  arterial  system,  to  the  quantity  of 
blood  circulating  through  it ; and,  secondly,  under  the  control 
of  the  nervous  system,  that  of  modifrdng  the  relative  quantity 
permitted  to  flow  to  any  given  organ.  Moreover,  if,  during 
life,  a small  artery  be  cut  quite  across,  its  contractility  closes 
its  orifice,  and  so  arrests  further  hamorrhage.  This  tact,  in- 
deed, is  quoted  as  a proof  of  its  contractility ; for  the  elas- 
ticity of  the  arterial  walls  is  insufficient  to  account  for  the 
perfect  contraction  of  a Avounded  A'essel,  and  would  rather 
tend  to  keep  it  partly  open,  as  Ave  see  happens  in  a dead 
artery. 

It  has  been  supposed  that  the  contractility  of  the  arteries 
might  serA'e,  as  Avell  as  their  elasticity,  to  adapt  them  to  the 
intermittent  and  variable  pressure  of  the  blood  projected  into 
them  by  the  heart ; but  there  is  no  CA-idence  of  this,  and 
the  characteristic  sloAvness  of  action  of  organic  muscular  fibres. 
I'enders  it  doubtful  Avhether  the  arteries  could  alternately  relax 
and  contract,  concurrently  Avith  the  rapid  action  of  the 
heart. 

The  so-called  tone  of  the  arterial  system,  seems  to  depend  on 
a healthy  contraction  of  the  muscular  coat — the  so-called  pro- 
perty of  tonicity  being  a continued  exercise  of  muscular  con- 
tractility. This  tonicity  is  shoAvn  by  the  contraction  which 
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takes  place  in  the  portion  of  an  artery  included  between  t-wo 
ligatures,  when  it  is  punctured  to  allow  of  the  escape  of  its 
contained  blood ; also  by  the  gradual  emptying  of  an  arterial 
trunk  beyond  any  point  at  which  it  has  been  tied — a contrac- 
tion much  more  complete  than  elasticity  can  explain ; and, 
again,  by  the  almost  complete  obliteration  of  the  canal  of  a 
portion  of  artery  removed  from  a living  animal,  and  subjected 
to  continued  cold.  The  elasticity  of  the  artery,  is,  however, 
also,  incessantly  at  play  in  the  natural  state  of  the  vessel, 
which  is  always  in  a condition  of  moderate  and  constant 
tension,  permitting  and  explaining  its  slight  contraction  and 
retraction  into  its  sheath,  when  it  is  divided. 

As  already  stated,  by  the  successive  contractions  of  the  ven- 
tricles, and  by  the  closure  of  the  auriculo-ventricular  valves,  the 
blood  is  not  only  directed  from  the  heart  into  the  great  arterial 
trunks,  but  is  also  projected  into  them  by  successive  jerks.  If 
the  arteries  had  rigid  inelastic  walls,  this  intermittent  motion 
of  the  blood  in  them,  would  be  propagated  even  to  the  capillary 
system.  Owing,  however,  to  their  elasticity,  and  to  the  suc- 
cessive closm-e  of  the  semilunar  valves  across  the  mouths  of 
those  vessels,  the  separate  impulses  caused  by  the  ventricular 
contractions,  are  gradually  rendered  less  distinct,  and,  finally, 
before  the  stream  of  blood  enters  the  capillary  vessels,  its 
motion  becomes  continuous.  The  elastic  coats  of  the  aorta, 
near  the  heart,  having  been  distended  by  the  force  of  the  left 
ventricle,  recoil  on  the  contained  blood ; this  fluid  being 
practically  incompressible,  transmits  the  pressure  on  itself, 
bacJcivards,  so  as  to  close  the  semilunar  valves,  and  forwards, 
so  as  also  to  m-ge  onward  the  column  of  blood  in  the  systemic 
arteries.  But  the  intermittent  effect  of  the  heart’s  strokes,  is 
propagated  onwards  through  all  the  main  arteries  of  the  body, 
in  which  it  is  manifested  by  the  pulse,  and  by  the  escape 
of  the  blood  per  saltum,  or  in  jets,  from  any  of  those  vessels 
when  they  are  wounded.  The  motion  of  the  blood  from 
the  ventricle,  is  truly  intermittent— that  is,  it  ceases  abso- 
lutely at  intervals ; the  jet  from  a large  artery,  when  wounded, 
is  not  quite  intermittent ; that  from  the  smaller  arteries, 
though  the  stream  is  jerking,  is  distinctly  remittent,  i.e.  the 
jet  never  ceases  altogether,  but  is  alternately  stronger  and 
weaker  ; finally,  in  the  smallest  or  microscopic  arteries,  the 
flow  of  the  blood,  under  ordinary  circumstances,  loses  even 
the  remittent  character,  and  becomes  perfectly  equable  and 
continuous,  and  remains  so  in  the  capillary  vessels.  This 
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effect  of  the  elastic  recoil  of  the  previously  distended  arterial 
walls,  may  be  illustrated  by  the  action  of  a vulcanised  india- 
rubber  tube,  which,  if  of  sufficient  length,  changes  the  jerk- 
ing flow  of  water,  forced  into  it  by  a sj-ringe  or  pump,  into 
a flowing  stream.  The  force  of  the  ventricle,  transmitted 
through  the  column  of  blood,  acts  most  powerfully  on  the 
vessels  nearest  to  the  heart,  in  which  the  elastic  tissue  is 
most  abundant ; whilst  the  effect  of  the  ventricular  force  is 
gradually  weakened  in  the  more  distant  vessels,  the  elastic 
coat  of  which  becomes  proportionally  thinner.  On  the  con- 
trary, as  already  mentioned,  the  muscular  fibres  are  relatively 
least  abundant  in  the  largest,  and  most  so  in  the  smallest 
arteries  ; and  it  is  improbable  that  their  contractility  is  called 
into  play,  to  resist  the  distending  effect  of  the  heart's  force. 
Although  the  arteries,  by  their  resilience,  at  length  convert 
the  intermittent  stroke  of  the  heart  into  a uniform  propulsive 
force,  yet  the  heart  itself  is  stdl  the  moffing  agent  of  the 
arterial  blood  ; for  the  recoiling  force  exercised  by  the  arteries, 
is  itself  due  to  their  previous  distension  by  the  force  exerted 
by  the  heart.  'When,  indeed,  this  force  is  too  weak  to  distend 
the  arteries  as  usual,  the  remittent  flow,  or  jerking  escape  of 
the  blood,  is  observed  in  the  most  remote  arteries,  not  only  in 
those  next  to  the  capillary  vessels,  but  even  in  the  capiUaries 
themselves.  The  elasticity  of  the  arteries  engenders  no  new 
force  in  the  circulation,  but  utilises  that  of  the  heart.  With- 
out it,  the  force  of  this  organ  would  probably  rupture  the 
microscopic  arteries,  or  the  capillaries,  of  many  delicate  struc- 
tm-es,  and  so  give  rise  to  internal  hsmorrhages  or  apoplexies; 
such  accidents,  indeed,  occur  when  the  coats  of  the  arteries 
are  converted,  by  disease  or  degeneration,  into  more  or  less 
rigid  tubes.  Besides  acting  in  the  distension  of  the  coats  of 
the  arteries,  a certain  part  of  the  heart's  force  is  lost,  being 
propagated,  by  disturbance  of  those  vessels,  to  the  neighbour- 
ing hard  or  soil  tissues. 

The  frequent  branchings  and  bendings,  and  especially  the 
anastomoses  of  the  arteries,  or  their  communications  with  one 
another,  as  they  approach  the  organs  to  which  they  are  distri- 
buted, as  well  as  in  the  interior  of  those  organs,  serve  to  dimi- 
nish, as  M^ell  as  to  equalise,  the  force  of  the  heart’s  action.  The 
multiplication  of  the  smallest  arteries,  and,  therefore,  of  their 
points  of  entrance  into  certain  delicate  organs,  as  seen  in  the 
ciliary  arteries  of  the  eyeball,  and  in  the  pia-mater  of  the 
brain,  must  also  lessen  the  pressure  upon  each  of  them. 


EATE  OF  MOTION  OF  ARTERIAL  CURRENT.  2i!7 

Moreover,  the  frequent  anastomoses  of  the  arteries,  as  in  the 
vicinity  of  the  joints  in  the  limbs,  and  especially  at  the  base  of 
the  brain,  serve  to  secure  a due  and  constant  supply  of  blood 
to  a given  part  through  certain  vessels,  when  others  are 
temporarily  obstructed  by  external  or  internal  pressure,  or 
permanently  interrupted  by  aneurisms,  tumours,  or  acci- 
dental division  of  the  ligature  of  an  arterial  trunk.  Anasto- 
mosing branches  given  off  above  and  below  the  seat  of  ligature, 
gradually,  or  even  rapidly,  enlarge,  forming  large  collateral 
vessels,  through  which  the  so-called  collateral  circulation  is 
carried  on.  Such  enlargement  of  an  artery  is  due,  not  to  a 
mere  relaxation  of  its  coats,  and  consequent  dilatation,  but  to 
an  increased  nutrition  of  its  walls,  by  which  it  imdergoes  a 
positive  enlargement ; in  like  manner,  arteries  which  are  no 
longer  traversed  by  blood,  though,  in  the  first  instance,  they 
merely  contract,  afterwards  become  reduced  in  size,  by  a 
positive  atrophy  or  absoption  of  their  coats. 

The  supply  of  blood  to  a given  organ,  depends  primarily 
upon  the  size  of  the  main  artery  distributed  to  it ; but 
secondarily  also,  upon  the  rate  of  motion  of  the  blood  throiigh 
those  vessels,  which  varies,  as  we  shall  see,  according  to  many 
circumstances.  But,  as  previously  mentioned,  the  calibre  of 
the  arteries,  especially  of  the  smaller  ones,  is  not  constant ; 
for  it  undergoes  changes  in  accordance  with  the  state  of  relaxa- 
tion or  contraction  of  their  muscular  coat,  being  sometimes  of 
normal  size,  and  sometimes  larger  or  smaller  than  usual.  The 
increased  redness  of  the  cheeks  in  blushing,  or  that  of  irritated 
and  inflamed  parts,  depends  partly  upon  a temporary  change 
in  the  calibre  of  the  smallest  arteries,  which  are  then  mani- 
festly dilated.  Hence  the  supply  of  blood  to  a part  or  organ, 
may  also  be  regulated  by  the  contractility  of  its  arteries, 
which  is  itself  controlled  by  the  nervous  system. 

The  rate  of  motion  of  the  blood  in  the  arteries,  has  been 
calculated  from  observations  made  upon  animals.  Two  kinds 
of  instruments  have  been  employed  in  such  observations.  One, 
the  licemadromometer  of  Volkmann,  consists  of  a bent  U-shaped 
glass  tube,  having  its  ends  fitted  into  a short,  straight,  hollow 
metallic  mounting,  placed  at  right  angles  to  it.  By  means  of 
stopcocks,  a free  passage  can  be  maintained,  either  through  the 
straight  portion  of  the  apparatus  only,  or  through  the  bent 
U-shaped  part.  When  the  two  ends  of  the  straight  portion 
of  this  instrument,  are  fastened  into  the  cut  ends  of  the  divided 
carotid  artery  of  a dog,  the  arterial  blood-current  may  either 
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be  allowed  to  flow  through  the  straight  portion,  or  it  may  he 
suddenly  diverted,  by  changes  in  the  stopcocks,  through  the 
bent  or  U-shaped  part.  The  rate  of  motion  of  the  blood 
through  the  latter,  being  observed,  and  the  length  of  this  rube 
being  known,  the  velocity  of  the  blood-current  is  ascertained. 
Another  instrument,  the  hcematocliometer  of  Vierordt,  is  com- 
posed of  a small  square  box  or  cell,  made  with  glass  sides,  filled 
with  water,  and  having  an  aperture  of  entrance  and  one  of 
exit,  each  fitted  Avith  a tube  ; to  these  tubes,  the  cut  ends  of  a 
divided  artery  are  attached.  Within  the  box,  is  a fine  pendu- 
lum, carrying,  in  order  to  aid  the  observation  of  its  movements, 
a disc  of  siUer,  Avhich,  AA^hen  the  pendulum  is  at  rest,  hangs 
close  to  the  aperture  of  entrance.  A curA^ed  graduated  scale 
is  marked  on  the  side  of  the  vessel.  Wlien  the  arterial  blood 
is  permitted  to  floAv  into  this  box,  it  raises  the  pendulum  Avith 
a A'elocity  corresponding  Avith  that  of  its  oaata  motion,  and 
Avhich  is  at  once  measured  by  the  graduated  scale.  According 
to  Vierordt,  the  mean  velocity  of  the  blood  in  the  carotid 
of  a horse  is  11 ‘7  inches,  of  the  dog  10  inches,  and  of  the 
calf  9 inches  per  seeond ; the  calculated  velocity  in  the  aorta 
of  the  horse,  is  12'.5  inches,  and  in  the  human  carotid,  rather 
more  than  10  inches  per  second.  According  to  Volkmann, 
the  velocities  for  the  carotid  artery  in  these  animals,  are 
a little  higher  ; but  in  the  metatarsal  artery  of  the  horse, 
only  2‘2  inches  per  second.  By  means  of  the  tachometer  of 
Chaiweau,  a modification  of  Vierordt’s  instrument,  it  is  shoAvn 
that  a great  difference  in  the  velocity  of  the  blood-current, 
exists  during  the  sj'stole  and  diastole  of  the  left  ventricle: 
for  dirring  the  systole,  in  the  horse,  the  A’elocity  is  about 
20:j  inches,  and  during  the  diastole  only  8^  inches  per  second. 
The  Amlocity  of  the  blood  in  the  arteries,  is,  moreover,  dimi- 
nished during  inspiration,  and  increased  during  expiration. 

From  the  preceding  figures,  it  appears  that  the  rate  of 
motion  of  the  blood  in  the  arteries,  is  qiiickest  near  the  heart, 
gradually  becoming  slower  in  the  more  distant  A'essels.  Fimt. 
the  effect  of  the  heart’s  action  is  diminished  by  the  resist- 
ance offered,  by  friction  and  adhesion,  to  the  passage  of  the 
blood  through  the  arteries  and  capillary  A’essels ; this  fric- 
tional resistance,  though  rendered  as  slight  as  possible  by  the 
smooth  lining  membrane  of  the  arteries,  is  increased  by  the 
curvature,  by  the  angular  bending,  and  by  the  frequent  sub- 
diA’ision,  of  the  arteries,  by  an  unusual  rigidity  of  the  AA’alls 
of  the  arteries,  and  by  any  alteration  in  the  viscidity  of 
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the  blood,  or  in  its  nutritive  attractions  for,  or  relations  with, 
the  capillary  walls  and  the  tissues  beyond  them.  All  these 
conditions,  therefore,  tend  to  retard  the  velocity  of  the  blood- 
current,  by  an  increase  of  resistance  and  friction.  Secondly, 
the  force  of  the  heart,  and  therefore,  the  rate  of  motion  of  the 
blood,  is  wasted  by  the  slight  loss  from  friction  between  the 
particles  of  the  elastic  coat  of  the  vessels,  occurring  in  their 
distension  and  recoil,  and  likewise  by  the  disturbance  of  the 
artery  and  the  surrounding  tissues.  Lastly,  an  efficient  cause 
of  retardation  in  the  arterial  blood-current,  is  the  obvious 
increase  in  the  total  capacity  of  the  branches  of  the  arteries, 
as  compared  with  that  of  the  trunks  from  which  they  arise ; 
for  not  only  do  the  united  diameters  of  two  or  more  branches, 
exceed  the  diameter  of  the  parent  trunk,  but,  though  of  course 
in  a much  less  degree,  the  combined  areas  of  two  or  more 
branches,  are  usually  larger  than  the  area  of  the  parent  trunk. 
The  combined  areas  of  the  two  iliac  arteries,  into  which  the 
abdominal  aorta  divides,  are,  however,  larger  than  that  of  the 
aorta  itself  Opening  an  artery,  which  not  only  causes  haemor- 
rhage, but  also  diminishes  the  resistance  in  the  arteries,  in- 
creases the  velocity  of  the  blood  in  the  opened  vessel ; this 
result  may  be  exhibited  by  experiments  with  artificial  tubes 
injected  with  water,  and  then  opened. 

The  force  of  the  heart,  or  the  blood  pressure,  in  the  arteries, 
has  been  frequently  investigated,  both  by  the  earlier  and 
later  physiologists.  Stephen  Hales  found  that,  on  fitting  a 
long  tube  containing  water,  into  the  crural  artery  of  horses, 
the  force  of  the  blood-current  was  sufficient  to  elevate  the 
w^ater  in  the  tube,  to  heights  varying,  in  different  cases, 
from  8 feet  3 inches  to  9 feet  8 inches.  From  these  and 
other  experiments,  he  inferred  that  the  pressure  of  the  blood 
in  the  large  arteries  of  the  human  body,  would  support  a 
column  of  blood  90  inches,  or  7 feet  6 inches,  high,  or  a 
weight  of  3 pounds  7 ounces  per  square  inch.  More  recently, 
Poiseuille  invented  the  hcemadynamoineter,  a much  more  con- 
venient instrument,  in  which  a short  column  of  mercury  is 
substituted  for  the  longer  column  of  water  in  Hales’s  apparatus. 
This  instrument,  as  now  improved,  and  named  a manometer, 
consists  of  a U-shaped  glass  tube,  having  one  of  its  stems  or 
legs  longer  than  the  other;  the  shorter  leg  is  bent  horizontally, 
and  provided  at  its  end  with  a stopcock,  and  with  a piece  of 
elastic  tube,  so  that  it  can  readily  be  adapted  to  the  cut  end 
of  a divided  artery  in  a living  animal.  The  lower  curved 
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part,  and  3 or  4 inches  of  both  legs  of  the  TJ-shaped  tube,  are 
filled  with  mercury,  and  the  space  in  the  short  leg,  between 
the  surface  of  the  mercury  and  the  stopcock  against  which 
the  arteiy  is  fixed,  is  occupied  with  a solution  of  common 
salt,  sulphate  of  soda  or  Glauber’s  salt,  or  carbonate  of  soda, 
so  as  to  prevent  the  coagulation  of  the  blood  when  it  enters 
the  apparatus.  At  the  back  of  the  tube,  is  fixed  a graduated 
scale,  the  zero  of  which  corresponds  with  the  level  of  the 
mercury  when  at  rest  in  both  legs.  When  the  horizontal  part 
of  the  short  leg  of  this  instrument,  is  connected  with  an  artery, 
and  the  stopcock  is  opened,  the  apparatus  being  maintained 
in  a vertical  position,  the  force  of  the  blood-current  depresses 
the  mercury  in  the  shorter,  and  raises  it  in  the  longer  leg. 
The  difference  between  the  level  of  the  mercurj’’  in  the  two 
legs,  gives  the  height  of  the  mercurial  column  supported  by 
the  blood  pressure.  But  the  level  of  the  mercurial  column 
in  the  longer  leg,  is  very  inconstant ; for  it  is  raised  at  each 
ventricular  systole,  and  lowered  at  each  diastole  : the  highest 
point  indicates  the  full  power  of  the  heart,  overcoming  the 
resistance  of  the  column  of  blood,  and  distending  the  arterial 
walls;  whilst  the  lowest  point  shows  that  force,  reacting 
through  the  resilience  of  the  arteries  only.  The  mean  height 
between  the  two  levels,  is  usually  recorded  as  the  average 
blood  jwessure.  Hales  had  already  noticed,  in  his  apparatus,  a 
descent  of  1 inch  in  the  blood  column,  between  each  pulsation. 
To  determine  the  exact  force  in  pounds  weight,  the  difference 
between  the  sectional  area  of  the  artery  experimented  upon, 
and  that  of  the  tube  containing  the  mercury,  must  be  noted,  and 
the  weight  of  a mercurial  column  of  the  indicated  height,  but 
of  the  same  area  as  the  artery,  must  be  determined  by  calcula- 
tion. Should  any  blood  descend  into  the  tube,  its  weight  must 
be  reckoned,  though  it  is  only  xoth  the  weight  of  mercury. 

By  means  of  a simple  hEemadynamometer,  Poiseuille  found 
that  the  blood  pressure  varied  little  in  different  sized  arteries, 
and  in  different  sized  animals;  and  he  concluded  that  6 '3 
inches  of  mercury  was,  in  all  cases,  the  average  equivalent  of 
pressure.  This  general  result  corresponds  nearlj-  with  that 
calculated  by  Hales  for  Man;  thus  mercury  being  13'6  times 
heawier  than  water,  6 ’3  inches  of  the  former  would  be  equal 
to  85'G8  inches  of  the  latter,  Hales’s  estimate  giving  90  inches 
of  blood,  which  are  equal  to  95  of  water.  Again,  6‘3  inches 
of  mercury  on  the  square  inch,  would  be  equal  to  3 lb.  2 oz. 
pressure,  Hales’s  estimate  being  equal  to  3 lb.  7 oz. 
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The  force  of  the  left  ventricle  itself,  can  only  be  estimated 
from  that  observed  in  the  arteries  nearest  to  the  heart ; taking 
the  blood  pressure  in  the  aorta,  at  6'3  inches  of  mercury,  then 
the  force  of  the  left  ventricle  is  found  by  multiplying  that 
number  b}''  the  square  inches  contained  on  the  internal  surface 
of  that  cavity. 

The  uniformity  of  pressure  believed  by  Poiseuille,  to  exist 
in  arteries,  both  near  to  and  distant  from  the  heart,  which 
was  thought  to  equalise  the  force  of  the  circulation  in  every 
part,  and  so  to  render  congestion  or  deficiency  of  blood,  ordi- 
narily impossible,  does  not  appear  to  prevail.  In  a system  of 
rigid  tubes,  the  pressure  would  be  uniform,  unless  these  were 
of  very  great  length,  and  then  only  from  friction.  In  curved 
and  resilient  tubes,  however,  branching  into  vessels  of  rather 
larger  area  than  the  trunks,  some  loss  of  force  must  be  sus- 
tained. Neither  is  it  true,  as  Poiseuille  supposed,  that,  in  a 
series  of  animals  of  different  size,  the  blood  pressure  in  the 
arteries  is  nearly  uniform,  because,  as  he  alleged,  it  is  regu- 
lated by  a relation  between  the  force  of  the  ventricle,  and  the 
size  of  the  aortic  orifice. 

An  adaptation  of  the  hsemadynamometer,  named  the  hjmo- 
graphion^  Avhich  yields  A'ery  accurate  results,  has  enabled 
more  recent  experimenters,  to  correct  the  observations  and 
conclusions  of  Poiseuille.  Upon  the  surface  of  the  mercury 
in  the  longer  leg  of  the  ordinary  instrument,  there  rests  a float, 
which  is  made  to  carry  a vertical  rod ; on  the  upper  end  of 
this,  is  fixed  a horizontal  pencil,  having  its  point  resting  on 
a drum  capable  of  revolving  upon  a vertical  axis.  When  the 
instrument  is  in  use,  the  drum  is  made  to  turn  at  a given  rate, 
by  clockwork,  and  the  pencil,  moved  by  the  mercury,  de- 
scribes a Avaved  line  corresponding  A\dth  the  variations  in  the 
blood  jAressure.  In  this  Avay,  the  pressure  is  shoAvn  by  LudAvig, 
Volkmann,  and  others,  to  vary  in  animals  of  different  size,  and, 
in  the  same  animal,  in  arteries  at  different  distances  from  the 
heart,  as  well  as  according  to  different  states  of  the  circulation, 
respiration,  and  nervous  system.  Thus,  in  the  horse  the  aA^erage 
blood  pressure  was  nearly  1 1 inches ; in  the  dog,  nearly 
6 inches ; in  the  rabbit,  as  a mean,  rather  more  than  1 inch  ; 
and  in  the  frog,  rather  less  than  1 inch.  Again,  in  the  carotid 
of  the  calf,  the  pressure  Avas  equal  to  4-^  inches  of  mercury  ; 
but  in  the  metatarsal  artery  to  only  3-^  inches.  Lastly,  in 
medium-sized  animals,  the  blood  pressure  varies  from  4th  to 
-|ths  of  an  inch  in  the  larger  vessels.  According  to  other 
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authorities,  it  differs  mitch  more  than  this,  even  in  the  same 
artery.  Moreover,  there  are  slight  fluctuations,  due  to  tlie  state 
of  the  respiration,  to  htemorrhage,  starvation,  muscular  effort, 
and  other  causes,  implying  variations  in  the  force  of  the 
heart,  either  increase  or  diminution.  The  pressure  is  weaker 
in  younger  animals.  In  the  pulmonary  arteries,  the  pressure 
is  only  equal  to  from  A to  1 inch  of  mercury ; but  the  abnor- 
mal disturbing  effects  of  opening  the  thorax  cannot  be  accu- 
rately estimated  (Ludwig). 

The  force  of  the  blood-current  in  the  arterie.s,  or  the  blood 
pressure,  not  only  varies  between  each  ventricluar  systole,  and 
according  to  the  strength  of  the  heart's  action  in  different  cir- 
cumstances ; but  it  is  increased  by  an  addition  to  the  quantity 
of  blood  already  contained  in  the  system,  as  when  blood  is 
artificially  injected  into  the  veins ; whilst,  on  the  other  hand, 
it  is  lessened  by  a diminittion  in  the  quantity  of  blood  in  the 
body,  as  in  cases  of  hemorrhage. 

The  influence  of  the  respiratory  movements  on  the  pressure 
of  the  blood  in  the  arteries,  is  very  complex.  Inspiration,  or 
breathing  in,  is  usually  said  to  produce  a diminution  in  the 
arterial  pressure,  and  expiration,  or  breathing  out,  to  cause 
an  increase  in  that  pressure.  In  explanation  of  this  view,  it 
is  stated,  that,  during  the  act  of  inspiration,  the  blood  enters 
the  thorax  more  readily,  and  thus  relieves  the  whole  vascular 
system  of  tension;  whilst  dttring  expiration,  the  difficulty 
offered  to  the  entrance  of  blood  into  the  chest,  increases  the 
tension  in  the  vessels,  in  the  arteries  as  well  as  in  the  veins. 
According  to  Vierordt,  however,  in  inspiration,  the  readier  en- 
trance of  the  blood  into  the  thorax,  causes  the  right  side  of  the 
heart,  and  soon,  also,  the  left  side  of  that  organ,  to  become  more 
distended,  and  the  arterial  pulse,  accordingly,  increases  in 
fulness,  owing  to  increased  arterial  blood  pressure,  during  the 
course  of  inspiration  ; on  the  other  hand,  in  expiration,  from 
the  resistance  offered  to  the  flow  of  blood  into  the  chest,  the 
right  side  of  the  heart,  and  soon,  also,  the  left  side,  receive 
less  blood,  so  that  the  arterial  pidse,  owing  to  dimini.shed 
arterial  pressure,  becomes,  in  the  further  progress  of  expira- 
tion, smaller.  With  regard  to  the  blood  pressure  in  the 
arteries,  Vierordt,  i-eferring  to  the  effects  of  inspiration  and 
expiration,  in  filling  the  heart  with  blood,  states  that,  in  the 
former  act,  the  blood  pressure,  though  at  first  lessened,  after- 
wards increases,  reaching  its  maximum  at  the  beginning  of 
expiration,  after  which  it  diminishes.  These  views  are  further 
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modified  by  the  researches  of  Dr.  Sanderson,  Avho  states 
that  the  rise  in  the  arterial  pressure  begins  with  the  act 
of  inspiration,  and  continues  to  increase  during  expiration. 
Moreover,  by  these  researches,  in  which  a very  large  ha;ma- 
dynamoineter  and  kymographion  were  used,  the  respiratory 
act  is  shown  to  consist  of  a period  of  action  occupying 
two-fifths,  and  of  a period  of  repose  occupying  three- fifths, 
of  the  entire  act ; of  the  former  period,  two-thirds  are  taken 
up  by  inspiration,  and  one-third  by  expiration.  The  arterial 
pressure  begins  to  increase  at  the  commencement  of  inspira- 
tion, and  continues  to  rise  during  expiration,  at  the  end  of 
which,  and  during  the  pause,  it  gradually  sudsides.  In 
violent  expiration,  the  vascular  tension  is  increased;  but  also 
in  the  prolonged  inspiratory  efforts  of  dyspnoea. 

The  increased  pressure  from  expiration,  is  ilhrstrated  in  the 
tension,  and  occasional  rupture,  of  bloodvessels  in  the  act  of 
coughing.  It  has  already  been  mentioned  that  the  velocity  of 
the  blood  in  the  arteries,  is  slightly  increased  during  expira- 
tion, and  diminished  during  inspiration,  contrary  to  what  hap- 
pens in  regard  to  the  blood  pressure.  Indeed  all  the  conditions, 
connected  with  increased  resistance  by  friction,  which  dimi- 
nish the  velocity,  increase  the  blood  pressure;  whilst  those 
which  lessen  the  friction  and  resistance,  diminish  the  pressure, 
and  increase  the  velocity.  All  variations  in  the  arterial  blood 
pressm-e,  are  less  marked,  when  the  pulse  is  more  frequent, 
and  also  as  the  arteries  become  smaller. 

A double  haemadynamometer,  or  differential  manometer,  has 
been  devised  by  Bernard,  by  means  of  which  the  different  de- 
grees of  pressure  in  different  arteries,  or  in  the  same  artery 
on  the  two  sides  of  the  body,  under  different  conditions,  or  the 
different  pressure  in  the  arteries  and  veins,  can  be  very  con- 
veniently determined.  It  consists  of  a U-shaped  tube,  the 
bend  of  Avhich  is  occupied  by  mercury,  with  a solution  of 
carbonate  of  soda,  above  it,  in  each  leg  : to  the  two  extremi- 
ties, the  bloodvessels  to  be  experimented  on,  are  attached  by 
suitable  pipes  provided  with  stopcocks.  When  these  are 
opened,  if  the  pressure  in  the  two  attached  bloodvessels  is 
equal,  the  level  of  the  mercury  in  each  side  of  the  bend, 
remains  unaltered ; but  when  it  is  unequal,  the  merciuy  falls 
in  the  leg  connected  with  that  vessel,  Avhich  has  the  greatest 
pressure  on  its  contents.  For  example,  in  the  two  carotids, 
or  two  lacial  arteries,  of  a horse,  the  pressure  is  equal ; but  if 
the  instrument  be  connected  Avith  one  artery  near  the  heart, 
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and  Avith  another  more  remote,  it  is  unequal.  Moreover, 
Avhen  this  instrument  is  connected  Aviih  the  same  artery  on 
the  two  sides  of  the  body,  division  of  the  sympathetic  nerves 
on  one  side,  is  followed  by  an  elevation  of  the  mercury  on 
that  side,  indicating  a loss  of  tension  in  the  coats  of  the  corre- 
sponding vessel. 

The  Pulse. 

The  pulse  is  the  well-known  beat  of  an  artery,  sometimes 
visible  to  the  eye,  if  the  artery  be  superficial,  but  more 
commonly  felt  by  the  finger  placed  upon  the  beating  vessel. 
Sometimes  the  pulse  is  perceptible  to  the  individual  himself, 
being  either  felt  as  a throbbing  sensation,  or  heard,  as  a noise, 
when  near  the  ear.  The  remote  cause  of  the  pulse,  is  the  force 
of  the  heart,  for  its  beats  correspond  in  number  with  the  con- 
tractions of  the  left  ventricle.  Its  immediate  cause,  however, 
is  the  momentary  distension  and  recoil  of  the  coats  of  the 
artery,  propagated  along  the  vessel  from  the  heart  onwards, 
after  the  manner  of  a wave-motion,  and  produced  by  the 
propulsion  of  successive  quantities  of  blood  into  the  arterial 
system  by  the  left  ventricle ; and  commencing  at  the  instant 
of  closure  of  the  mitral  valve.  The  force  transferred  to  these 
successive  quantities  of  blood,  is  partly  exhausted,  in  urging 
on  the  blood  already  in  the  vessels ; but  the  resistance  thus 
met  with,  as  we  have  seen,  diverts  the  force  partly  on  to  the 
elastic  sides  of  the  arteries,  and  so  distends  them. 

This  distension  of  the  arteries  occurs  first  in  the  aorta,  close 
to  the  heart,  but  rapidly  follows  along  the  entire  arterial 
system.  It  consists,  not  only  of  a lateral  dilatation  of  the 
vessels,  but  also  of  an  elongation.  The  former  change  is  but 
slight  in  arteries  Avhich  can  be  subjected  to  examination,  and 
is  too  quick  to  be  followed  readily  by  the  eye ; whilst  the  latter 
is  much  more  evident,  as  in  the  case  of  superficial  and  tortuous 
arteries,  such  as  the  temporals,  which  may  be  seen  to  become 
more  curved  during  the  passage  of  the  pulse-rvaA^e  along  them. 

The  total  amount  of  dilatation  observed  during  the  passage 
of  a pulse-wave  along  a given  length  of  the  carotid  artery  of 
a dog,  has  been  measured,  by  placing  the  artery  in  a tube 
filled  with  water,  and  having  another  fine  upright  glass  tube 
fitted  into  it ; the  elermtion  of  the  rvater  in  the  latter,  at  each 
pulse,  shows  an  increase  of  ^nd  of  the  bulk  of  the  piece  of 
artery  so  enclosed  (Poiseuille).  According  to  Vierordt,  the 
increase  is  as  much  as  -[^th.  The  mechanical  effect  of  this 
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combined  dilatation  and  elongation,  but  especially  of  the 
elongation,  of  a living  artery,  and  of  its  subsequent  contrac- 
tion and  shortening,  and  particiilarly  of  the  latter,  is  a move- 
ment of  the  vessel  in  its  bed,  a motion  which  is  visible  in 
superficial  arteries,  especially  in  thin  and  aged  persons,  and 
which  can  be  rendered  more  perceptible  by  placing  a small 
bristle  across  it.  It  is  this  change  of  place,  or  locomotion,  of 
the  artery,  which  is  the  chief  cause  of  the  pulse  felt  on  placing 
the  finger  upon  the  vessel.  The  blood  itself  being  practi- 
cally incompressible,  the  shock  of  the  heart’s  sti’oke  upon 
it,  is  communicated,  almost  instantly,  throughout  the  whole 
blood  in  the  arterial  system;  but  the  effect  of  the  disten- 
sion, or  distension  wave,  which  begins  in  the  aorta,  near 
the  heart,  apparently  takes  a certain  time  to  be  continued 
onwards,  for  reasons  to  be  presently  explained ; hence  there 
is  a certain  measurable  rate  in  the  propagation  of  the  pulse 
to  the  distant  arteries.  This  is  the  theory  of  Marey.  But 
the  rate  of  motion  of  the  distending  pulse- wave,  is  much  more 
rapid  than  the  motion  of  the  blood  particles  themselves  within 
the  vessels,  being  about  30  feet  per  second  ; whilst,  as  already 
stated,  the  velocity  of  the  blood  is  only  about  10|-  inches  per 
second  in  the  carotid,  and  about  inches  per  second  in  the 
distant  arteries.  Tins  comparison  will  serve  to  impress  on 
the  mind,  the  fact,  that  the  pulse- wave  is  not  caused  by  the 
onward  motion  of  the  blood,  but  by  a wave-motion  induced 
in  the  entire  column  of  blood,  which  operates  in  its  passage, 
laterally,  as  well  as  longitudinally,  on  the  coats  of  the  arteries. 

The  impulse  of  the  heart  nearly  coincides  with  the  systole 
of  the  ventricles,  or,  rather,  it  happens  somewhat  later  than 
the  commencement  of  the  ventricular  contraction.  Now,  the 
pulse-wave  passes  along  the  larger  arteries,  at  the  termination 
of  the  ventricular  contraction,  i.e.  after  the  impulse  of  the 
heart  is  felt  on  the  side  of  the  chest ; and  it  takes  -^th  of  a 
second  to  reach  the  radial  artery  at  the  wrist.  Nevertheless, 
the  pulse  is  felt  even  in  the  most  distant  parts  of  the  arterial 
system,  before  the  second  sound  of  the  heart  is  heard,  whilst 
the  cause  of  this  sound,  is  the  sudden  closure  of  the  semi- 
lunar valves  across  the  mouth  of  the  aorta  and  the  pulmonary 
artery.  This  fact,  as  first  pointed  out  by  Colt,  refutes  the  fol- 
lowing theory  of  Weber,  once  so  generally  adopted,  as  to  the 
cause  of  the  propagation  of  the  pulse- wave.  That  physiologist 
supposed  that  the  aortic  semilunar  valves,  being  closed  by 
the  backward  movement  of  the  blood  near  them,  otving  to 
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the  recoil  of  the  walls  of  the  aorta  nearest  to  the  heart,  acted 
as  a fulcrum,  from  which  the  blood  was  propelled  onwards  by 
the  yet  unused  resilient  force  of  the  aorta,  into  more  and  more 
distant  portions  of  the  arterial  system,  so  as  to  produce  the 
successive  wave-like  distension  of  their  coats. 

This  theory  of  Weber  assumes  a minor  cause,  in  place  of  the 
greater  and  true  one,  viz.  only  a residual  portion  of  the  force 
originating  in  the  ventricular  stroke,  instead  of  the  whole 
ventricular  impulse.  The  closure  of  the  aortic  valves  is  not 
essential  to  the  phenomenon  of  the  pulse,  which  occui-s  before 
the  second  sound,  when  these  A'alves  are  open.  But  if  the 
pulse-wave  be  essentially  due  to  the  direct  force  of  the  heart, 
communicated  through  the  arterial  blood  column  acting  at 
the  closure  of  the  mitral-valve,  so  the  closure  of  the  aortic  semi- 
lunar valves  is  not  Avithout  effect  on  that  blood  colmun,  and 
on  the  arteries  Avhich  contain  it.  When  the  pulse  is  very 
accurately  examined,  a subsidiary  Avave  occiurs  after  the  prin- 
cipal one,  producing  the  phenomena  named  dichrotism  or  the 
dichrotal  pulse,  and  this,  as  Avill  be  soon  explained,  has  been 
referred  by  some,  to  the  effects  of  the  closure  of  these  A'alves. 

For  the  inA^estigation  of  this  and  other  phenomena  of  the 
pulse,  instruments  named  sphygmographs  haA^e  been  devised. 
The  original  apparatus  of  Vierordt,  consists  of  a long,  slender, 
Avell-balanced,  horizontal  lever,  or  measuring  rod,  supported, 
near  one  end,  on  a proper  fulcrum,  and  having  a short  A'ertical 
stem  projecting  dowuAvards  from  near  the  fulcrum,  and  ending 
in  a little  button  Avhich  rests  upon  the  artery.  To  some  part 
of  the  lever,  near  the  button,  are  attached  certain  conti  iA'ances, 
to  secure  a true  Amrtical  motion,  and,  at  its  free  end,  it  carries 
a short  pencil,  the  point  of  Avhich  rests  against  an  upright 
cylinder  or  drum  covered  Avith  paper.  To  this  cylinder,  Avhen 
the  instrument  is  in  action,  a known  rate  of  motion  is  imparted 
by  clockAvork ; at  each  pulsation  of  the  arteiu*  against  the 
button,  the  lever  rises  and  falls,  and  so  the  pencil  describes  an 
up  and  doAvn  line  on  the  reA'olving  drum  of  paper.  In  thi.s 
Avay,  a series  of  pulsations  are  recorded  by  an  up  and  down 
Avaved  line  of  a peculiar  chai-acter.  In  IMarey’s  improA'ed  in- 
strument, and  in  other  still  later  ones,  the  delicacy  of  record  is 
more  perfect,  the  lever  is  longer  and  lighter,  its  motions  are 
steadied  by  the  addition  of  a slight  spring,  and  the  pencil 
leaves  its  tracings  upon  a piece  of  smoked  glass  Avhich  is  moved 
foi’Avards  by  clockAvork,  or  upon  a coil  of  paper  Avhich  is  con- 
stantly being  unAvound. 
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The  waved  lines  traced  by  such  an  instrument,  show,  by  the 
number  of  the  undulations  in  a given  space,  the  frequency 
of  the  pulse  ; by  the  length  of  the  up  and  down  strokes,  the 
amplitude  of  the  pulse  movement,  or  the  force  of  the  pulse ; 
and  by  the  greater  or  less  inclination  of  these  strokes  from  the 
perpendicular,  or  the  horizontal  distance  between  the  points 
of  commencement  of  the  upward  strokes,  the  duration  of  the 
pulse-waves.  Besides  this,  certain  variations  in  the  lines 
indicate  other  characters,  such  as  firmness,  or  tremulousness, 
and  so  forth.  There  is,  howeAmr,  one  character  of  the  pulse 
recognisable  by  the  finger,  concerning  which,  the  sphygmo- 
graph  gives  information  Avhich  may  be  delusive,  viz.  the 
volume  of  the  pulse,  which  may  be  full  in  \erj  different  condi- 
tions of  the  system.  A full  pulse  is  usually  slow  and  strong, 
but  it  may  be  quick  ; on  the  other  hand,  a small  pulse  is  gene- 
rally quick  and  feeble,  but  not  necessarily  so.  The  pulse  is 
wiry,  thready,  or  small,  in  haemorrhage,  or  on  approaching 
death.  In  recording  the  pulse  movements,  this  instrument  also 
indirectly  measures  the  force  and  duration  of  the  systole  of  the 
left  ventricle,  and  the  duration  of  the  respiratory  movements. 

The  sphygmograph  has  been  ingeniously  employed  by  Marey 
to  assist  in  determining  the  cause  of  the  pulse  itself.  An  india- 
rubber  cylinder,  provided  Avith  internal  A'alves,  is  fitted  at  one 
end,  to  a short,  and  at  the  other  to  a long,  elastic  tube.  By 
alternatel}''  relaxing  and  compressing  the  cylinder,  AA-ater,  under 
the  direction  of  the  valves,  is  draAvn  in  through  the  short  tube, 
and  pumped  intermittently  through  the  longer  one.  This 
latter  tube  is  disposed  in  three  loose  horizontal  coils,  each  of 
Avhich  is  brought  in  contact  Avith  a separate  sphygmographic 
lever,  the  pencils  of  all  of  Avhich,  rest  upon  a paper,  previously 
ruled  with  vertical  and  horizontal  lines,  and  Avhich  revolves  upon 
one  drum,  common  to  the  three  pencils.  The  sphygmographic 
pencils  being  placed,  at  starting,  exactly  under  one  another, 
and  the  drum  being  made  to  revolve,  three  horizontal  lines 
are  first  simultaneously  traced ; but  when  the  india-rubber 
cylinder  is  repeatedly  compressed,  so  as  to  inject  Avater  by 
separate  impulses  into  the  long  tube,  thus  imitating  the  ven- 
tricular propulsion  of  the  blood  into  the  arteries,  undulations, 
resembling  the  pulse-waves,  travel  along  the  coils  of  the  tube, 
and  move  the  three  sphygmogi-aphic  lev'ers,  the  pencils  of  which 
record  the  moment  of  commencement,  the  extent,  and  the  du- 
ration of  the  movements  occuiring  at  thi-ee  ditferent  points 
of  the  tube,  by  up  and  doAvn  lines  of  corresponding  character 
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and  form.  In  the  first  place,  the  line  corresponding  with  the 
point  nearest  to  the  propulsive  cylinder,  shows  a greater  am- 
plitude in  its  undulations,  owing  to  the  greater  force  of  the 
lateral  pressure  on  the  walls  of  the  tube  at  that  point ; whilst, 
in  the  other  two  lines,  a progressive  diminution  in  the  vertical 
depth  of  the  undulating  lines,  shows  a gradual  diminution  in 
the  pressure,  in  proportion  to  the  distance  from  the  agent  of 
propulsion.  But  what  is  of  more  interest  in  relation  to  the 
cause  of  the  pulse-wave,  is  the  fact,  that  though  the  com- 
mencement of  the  wave,  at  each  of  the  three  points  tested  by 
the  sphygmographs,  is  simrdtaneous,  the  nearer  wave  reaches 
its  highest  point,  before  the  others,  which  reach  theirs  at  pro- 
gressively later  times.  This  is  believed  by  Marey  to  happen 
in  the  living  body,  and  to  explain  the  apparent  retardation  of 
the  pulse  movement,  or  distension  effect,  which  is  indicated 
by  the  pulse  itself  being  felt  ;^th  of  a second  later  in  the 
Avrist  than  close  to  • the  heart,  although,  from  the  practical 
incompressibility  of  the  blood,  the  shock  imparted  to  it  by  the 
left  ventricle,  must  be  instantly  propagated  through  the  whole 
of  that  fluid,  in  the  arteries,  just  as  that  of  the  india-rubber 
cylinder  is  through  the  equally  incompressible  water. 

The  phenomenon  known  as  the  dichrotous  pulse,  is  also 
detected  and  studied  by  the  sphygmograph.  Formerly,  it  was 
supposed  to  be  absolutely  the  result  of  disease,  or  of  some 
grave  irregularity ; but  vuth  more  delicate  instruments,  its 
presence  is  often  detected  even  in  healthy  conditions.  It  is 
represented  by  a slight  secondary  undulation  in  the  down- 
stroke  of  the  chief  or  primary  pulse-line.  It  sometimes  occurs, 
in  health,  during  walking,  and  is  noticeable  also  in  the  healthy 
pulse,  whenever,  owing  to  the  diminished  tonicity  of  the 
arteries,  and  their  defective  distension,  they  are  in  a condition 
to  obey  slighter  impulses  commimicated  to  the  blood.  In  the 
opposite  conditions  of  a highly  tonic  or  distended  state  of  the 
arteries,  this  subsidiary  wave  motion  of  the  dichrotous  pulse, 
is  not  perceptible.  In  abnormal  conditions,  it  is  a sign  of  a 
relaxed  state  of  the  arterial  system,  or  of  a loss  of  blood. 
According  to  Naumann,  the  cause  of  this  dichrotism,  is  the 
shock  communicated  to  the  blood,  at  the  mstant  of  closure  of 
the  aortic  semilunar  valves,  which,  like  the  sudden  arrest  of 
a fluid  by  the  closure  of  a tap,  produces  a shock  or  jar,  which 
is  transmitted  back  through  the  whole  column.  The  time 
of  occurrence  of  the  dichrotous  pulse,  corresponds  well  with 
this  hypothesis ; for  whilst  the  primary  pulse  movement  is 
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felt  before  the  second  sound  of  the  heart,  the  dichrotous 
wave  immediately  follows  it.  It  is,  however,  suggested  by 
Marey,  that  this  dichrotism  may  be  due  to  the  primary  wave 
being  checked  at  the  lower  end  of  the  abdominal  aorta,  Avhere 
that  vessel  divides  into  the  common  iliacs,  owing  to  the  fact, 
elsewhere  referred  to,  that  the  two  iliac  arteries  are  smaller 
than  the  aorta  from  which  they  proceed,  contrary  to  the  gene- 
ral rule,  that  the  area  of  the  branches  exceeds  that  of  the 
parent  trunk.  At  this  point,  the  primary  pulse-wave  is  sup- 
posed by  Marey,  to  rebound,  and  to  produce  a back  wave, 
which  causes  the  dichrotous  pulsation.  In  support  of  this 
explanation,  it  is  alleged,  that  whilst  the  pulse  is  dichrotous  in 
aU  the  arteries  arising  from  the  arch  of  the  aorta,  it  is  not  so 
in  the  femoral  arteries  and  arteries  of  the  lower  limbs,  along 
which  the  primary  pulse-wave  only  travels.  But  Naumann 
asserts  that  the  dichrotous  pulse-wave  diminishes  in  force,  as  it 
recedes  from  the  heart — a fact  which  would  support  his  view, 
but  be  opposed  to  Marey’s  ; for,  in  the  former  case,  the  wave 
is  supposed  to  travel  outwards  from  the  heart,  but  in  the  latter, 
towards  the  heart,  i.  e.  from  the  lower  end  of  the  abdominal 
aorta.  Another  suggestion  has  been  made,  viz.  that  whilst  a 
primary  wave  occurs  in  the  blood,  a secondary  wave  follows  it 
in  the  coats  of  the  vessels ; this  opinion  rests  upon  an  experi- 
ment, in  which  it  was  shown  that  the  simple  injection  of  a 
fluid  intermittently  into  an  elastic  tube,  produces  such  a double 
wave. 

An  ordinary  vigorous  pulse-line,  as  marked  on  the  sphyg- 
mographic  paper,  consists  of  a series  of  up  and  down  strokes, 
which  succeed  each  other  at  regular  intervals,  without  any  di- 
chrotous wave-line  in  the  down-stroke.  But  the  pulse,  as  is 
well  known,  presents,  owing  to  various  causes,  many  modifica- 
tions in  character,  each  of  which  is  recorded  by  the  sphygmo- 
graph.  Thus,  by  increased  frequency  of  the  heart’s  action, 
the  pulse  is  rendered  more  rapid,  as  in  the  quick  pulse,  and 
then  the  up  and  down  strokes  of  the  sphygmographic  line 
become  more  crowded  in  a given  horizontal  space.  Again, 
the  pulse  may  be  augmented  in  force,  as  in  the  strong  or 
hounding  pulse,  caused  by  a more  powerful  action  of  the  heart, 
as  under  the  effects  of  stimuli  or  mental  excitement,  and  then 
the  length  of  the  up  and  down  strokes  is  increased.  The 
pulse  is  sometimes  hard,  as  when  the  tension  of  the  arterial 
walls  is  increased,  whether  from  exalted  tonicity,  from  extreme 
fulness  of  the  vascular  system,  or  from  obstruction  in  the 
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capillaries,  causing  an  obstacle  to  the  flow  of  the  arterial 
blood.  This  may  happen  either  from  inflammation  of  a part, 
or  from  the  brief  application  of  cold  to  the  surlace  of  the  body; 
the  coats  of  the  arteries  being  already  much  di.stended,  or 
their  tonic  contraction  being  excessive,  the  pulse-wave  scarcelv 
distends  them  further  ; hence  the  up-stroke  is  short,  nearlv 
vertical,  and  occupies  but  little  space,  whilst  the  line  of 
descent  is  gradual  and  prolonged,  marking  the  slow  and  diffi- 
cult recoil  of  the  vessel.  Lastly,  the  soft  pulse,  which  is  met 
with  in  relaxed  conditions  of  the  system,  or  may  be  pro- 
duced by  hot  air  or  water-bath.s,  depends  on  a deficiency  in 
the  quantity  of  blood  in  the  arteries,  or  on  a defective  state 
of  the  tonic  contraction.  With  such  a pulse,  the  up-stroke 
is  long,  owing  to  a greater  freedom  of  play  of  the  elastic  ar- 
terial walls ; the  down-stroke  is  much  prolonged,  and  exhibits 
a small  secondary  wave,  constituting  the  dichrotal  pulse. 
Moreover,  the  horizontal  space  between  the  commencement  of 
each  up-stroke,  is  diminished,  indicating  a greater  frequency  of 
the  heart’s  beats,  whilst,  in  the  hard  pulse,  the  opposite  is  the 
case ; for,  as  already  mentioned,  a sympathy  exists  between 
the  action  of  the  heart  and  the  state  of  the  circulation ; the 
number  of  its  beats  being  diminished,  but  their  force  in- 
creased, when  the  capillary  system  is  obstructed,  whilst  the 
two  opposite  states  occur,  when  that  S3’stem  permits  the  easy 
transmission  of  the  blood.  When  a hard  pulse  depends  upon 
a local  cause,  such  as  inflammation,  it  may  be  accompanied 
by  an  increase  in  the  number  of  beats;  but  when  upon  a 
general  cause,  such  as  the  application  of  cold  to  the  whole 
body,  by  a diminution  in  the  number  of  pulsations. 

The  absolute  duration  of  each  pulse,  as  measured  in  time  br' 
the  number  of  beats  in  a minute,  is  indicated  on  the  sph}*gmo- 
graphic  paper,  by  the  horizontal  distance  between  the  com- 
mencement of  two  adjoining  up-strokes.  This  duration  ma_v 
vary  as  much  as  37  per  cent,  in  a series  of  beats.  It  varies 
most  in  the  slow  pulse ; for  the  more  frequent  the  pulse,  the 
more  equal  are  its  beats  in  duration  ; it  is  veiy  remarkable  in 
the  slow  pulse  produced  by  poisoning  with  digiUilis.  On 
comparing  the  up  with  the  down  stroke  of  each  pulse-line,  it 
is  seen  that,  usually,  the  former  has  a less  horizontal  progres- 
sion than  the  latter,  indicating  that  the  distension  or  dilatation 
of  the  arteries,  which  is  related  to  the  ventricular  s^'stole,  takes 
place  in  a shorter  time  than  the  recoil  or  contraction  of  the 
vessel,  which  is  related  to  the  diastole.  It  was  formerly  said 
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that  the  ratio  between  them  was  asl  to  2;  but,  in  health,  the 
proportion  seems  to  be,  in  an  average  pulse,  only  as  100  to 
106  ; in  a quick  pulse,  the  ratio  is  as  100  to  136  ; in  the 
slow  pulse,  as  100  to  80  (Vierordt).  The  period  of  dilatation 
varies  more  than  that  of  contraction. 

The  influence  of  the  respiratory  movements  on  the  pulse, 
so  far  as  its  force  is  concerned,  has  already  been  indicated,  in 
describing  the  arterial  blood  pressure  (p.  232).  The  volume 
of  the  pulse  during  inspiration,  as  compared  with  its  volume 
during  expiration,  is  said  by  Vierordt  to  be  as  218  to  191.  It 
is  now  established,  by  aid  of  the  sphygmograph,  that  the  force 
of  the  pulse  is  gradually  increased  during  inspiration,  and 
reaches  its  maximum  during  expiration,  this  fact  being  indi- 
cated by  the  gradual  ascent  of  the  line  of  mean  pressure, 
drawn  through  the  middle  of  a series  of  up  and  down  strokes. 
The  tension  of  the  artery,  on  which  the  fulness  of  the  pulse 
inversely  depends,  is  increased  diuing  inspiration  and  up  to 
the  end  of  expiration,  the  pulse  becoming  harder  and  firmer,  and 
the  length  of  the  up  and  down  strokes  shortened ; whilst, 
after  expiration,  in  the  pause,  the  tension  of  the  vessels  is 
lessened,  the  pulse  becomes  softer  and  fuller,  and  the  up  and 
down  strokes  of  the  curves  are  longer.  Lastly,  frequency 
of  the  pulse  is  modified  during  inspiration,  not,  as  is  some- 
times stated,  then  becoming  slower,  but,  as  shovTi  by  Vierordt, 
increasing  in  frequency,  owing  to  the  more  easy  supply  of  blood 
to  the  heart ; this  view  is  confirmed  by  Sanderson,  who, 
moreover,  points  out  that  this  increase  of  frequency  continues 
up  to  the  end  of  expiration,  as  is  indicated  by  the  greater 
closeness  of  the  up  and  down  strokes  in  the  horizontal  space 
representing  the  period  of  the  inspiratory  and  expiratory  acts, 
as  compared  with  those  registered  in  the  space  representing  the 
pause  at  the  end  of  the  latter.  The  duration  of  each  pulse  is 
longer  in  inspiration  than  in  expiration. 

The  pulse  being  ultimately  dependent  on  the  heart’s  action, 
is  necessarily  modified  in  frequency,  strength,  and  rhythm,  by 
aU  those  conditions  which  influence  the  number,  strength, 
and  rhythm  of  the  heart’s  beats,  such  as  age,  sex,  stature, 
position  of  the  body,  atmospheric  pressure,  state  of  nutrition, 
stimulation,  and  excitement,  as  already  detailed  (p.  217). 
When  the  heart’s  action  is  veiy  feeble,  the  pulse  is  said  to 
become  more  evident  in  the  smallest  arteries,  being  propa- 
gated to  a greater  distance  from  the  heart,  even  to  the  capil- 
lary vessels.  This  apparently  anomalous  result  is  explained 
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by  the  heart’s  action  being  then  too  weak  to  distend  the 
larger  vessels  to  such  a degree  as,  by  their  subsequent  recoil, 
to  coirvert  the  intermittent  How  of  the  blood,  into  a uniform 
and  equable  motion.  Want  of  rhythm  in  the  heart,  causes 
irregularity  of  the  pulse.  The  so-called  intermittent  pulse  in- 
dicates an  ineffective  ventricular  systole,  which  is  too  weak  to 
act  on  the  arterial  blood  column.  It  may  depend  on  a defi- 
cient supply  of  blood  to  the  left  side  of  the  heart,  as  well  as  on 
debility  ot  that  organ.  It  occurs  after  long  fasting,  and  is  also 
common  at  puberty,  in  old  age,  and  in  vaidous  diseases.  In 
healthy  persons,  its  duration  is  somewhat  longer  than  that  of  a 
single  beat  of  the  heart. 


Motion  of  the  Blood  through  the  Capillaries. 

The  tissues  in  which  capillary  bloodvessels  are  found,  and 
those  in  which  they  are  absent,  their  number  and  size  in  the 
various  tissues  and  organs,  the  varieties  in  the  arrangement  of 
the  capillary  network,  and  the  structure  of  their  delicate  walls, 
are  elsewhere  detailed  (vol.  i.  p.  60).  The  form  of  the  capil- 
lary network  in  different  parts,  has  no  relation  to  the  functions 
of  those  parts,  otherwise  than  so  far  as  these  depend  on  the  forms 
and  disposition  of  the  structural  elements,  between — not  into — 
which  the  vessels  penetrate.  But  the  closeness  of  the  network, 
and  the  consequent  number  of  the  capillary  vessels  in  a given 
space,  are  proportional  to  the  activity  and  importance  of  those 
functions. 

The  capillaries  form  the  intermediate  blood  channels  be- 
tween the  finest  arteries  and  veins.  When  examined  in  the 
transparent  part  of  a living  animal,  they  are  seen  to  be  of  dif- 
ferent sizes,  some  conveying  two  or  more  rows,  and  others 
only  a single  row,  of  blood  corpuscles.  Moreover,  when 
watched  sufficiently  long,  they  are  observed  to  undergo  slow 
changes  in  diameter,  so  that  vessels,  at  one  time  capable  of 
conveying  several  rows  of  blood  corpuscles,  shrink,  and  no 
longer  convey  more  than  a single  row,  or  even  become  tempo- 
rarily incapa’ole  of  admitting  any  corpuscles,  so  that  they 
merely  coiwey  the  liquor  sanguinis.  It  was  at  one  time  sup- 
posed that  vessels,  named  vasa  serosa,  or  serous  vessels,  con- 
stantly so  small  as  only  to  admit  the  fluid  portion  of  the  blood, 
existed  in  all  or  many  parts  of  the  body ; but  their  presence 
generally,  which  was  purely  coujectm-al,has  not  been  confirmed. 
By  some  authorities,  however,  it  is  at  least  suggested  that,  in 
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the  cornea,  capillaries  may  exist,  which  habitually  convey  only 
the  liquor  sanguinis  (Kblliker,  Hyrtl). 

In  watching  the  capillary  circulation,  it  is  seen  that  such 
vessels  as  have  ceased  for  a time  to  convey  blood  particles, 
again  dilate  and  admit  them,  and,  from  this  alternate  contrac- 
tion and  dilatation,  a vital  contractility  has  been  attributed  to 
the  coats  of  these  vessels.  The  structure  of  their  delicate 
walls,  however,  which  are  composed  of  homogeneous  membrane 
containing  nuclei  but  destitute  of  muscular  fibre-cells,  negatives 
the  idea  of  their  possessing  a vital  contractility ; and,  more- 
over, it  has  been  found  that  no  contraction,  or  other  change,  of 
these  walls,  occurs  on  the  direct  application  of  the  electric 
stimidus  to  them.  Their  walls  are,  however,  elastic,  and  the 
changes  in  diameter  of  the  vessels,  are  probably  due,  either  to 
distiu’bed  conditions  in  the  neighbouring  small  arteries,  owing 
to  the  contraction  or  relaxation  of  their  muscular  coat,  or  to 
movements  in  the  tissues  in  which  the  capillaries  are  distri- 
buted, and  in  which  organic  muscular  fibres,  fibre-cells,  or 
other  contractile  elements,  such  as  pigment-cells,  are  frequently 
present.  The  capillaries  do  not,  therefore,  seem  to  exercise 
any  mechanical  influence  on  the  circulation  of  the  blood 
through  them,  by  virtue  of  an  active  contractile  force,  resident 
in  their  walls ; but  they  may  adapt  themselves,  by  their  elas- 
ticity, to  the  varying  quantities  of  blood,  distributed  to  any 
particular  part.  Such  conditions  must  occur  in  the  opposite 
states  of  blushing  and  paUor  of  the  skin  ; in  the  conditions  of 
fulness  or  emptiness  of  the  capillaries  of  a gland  or  membrane, 
according  as  it  is  secreting  or  not;  and  in  the  condition  of 
health  and  inflammation,  in  any  vasctdar  part,  such  as  the 
conjunctiva  of  the  eyeball. 

The  real  propulsive  cause  of  the  motion  of  the  blood  in  the 
capillaries,  is  the  same  as  that  of  the  arterial  circulation,  viz.  the 
ventricular  systole,  modified,  in  its  effects,  by  the  resilience  of 
the  elastic  coat  of  the  arteries  themselves.  Indeed,  in  a living 
animal,  if  the  force  of  the  left  ventricle,  commrmicated  to  the 
blood  in  the  arteries,  be  arrested  by  pressure  on,  or  ligature  of, 
those  vessels,  the  stream  of  blood  in  the  capillaries  soon  almost 
entirely  stagnates,  and  the  venous  current  beyond  them  is 
stopped,  whilst  the  tension  or  blood  pressure  in  the  arteries  also 
ceases.  Moreover,  in  the  fish,  as  we  shall  hereafter  find,  the  force 
of  the  single  ventricle  of  the  heart,  is  sufficient  to  propel  the 
blood  first  through  the  gills,  and  then  through  the  arteries  of  the 
body.  It  has  been  supposed  that  certain  mutual  attractions  and 
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repiilsions  between  the  blood  and  the  tissues  lying  outside  the 
systemic  capillaries,  or  between  the  blood  and  the  air  in  the 
lungs,  may  influence  the  movement  of  the  blood  through  the 
capillaries,  and  even  constitute  a moving  power  in  the  capil- 
lary circulation.  But  this  implies  an  attractive  force  in  regard 
to  the  blood  in  the  arterial  half  of  the  capillary  network,  and 
a repulsive  force  in  regard  to  the  blood  in  the  venous  half  of 
that  network,  an  hypothesis  complex,  and  yet  unproved. 

The  supposition  of  the  existence  of  a local  attractive  and 
propulsive  force,  exerted  on  the  blood  passing  through  the 
capillaries,  is  held  to  be  supported  by  the  following  facts  : — 
The  gradual  emptying  of  the  arteries  after  death  ; the  main- 
tenance of  the  circulation  in  the  portal  system ; the  periodic 
and  local  changes  in  the  circulation  during  secretion,  or  in 
other  conditions,  such  as  fainting  and  fright,  or  in  diseases 
such  as  congestion  and  inflammation  ; the  obstructive  changes 
which  occur  in  the  pulmonary  circulation  during  asphyxia ; 
the  great  activity  of  this  circulation,  when  the  respirator}' 
changes  are  rapid ; and  lastly,  the  fact  of  a circulation  of  blood 
occurring  in  the  embryo  of  animals  before  the  development  of 
the  heart  (Draper).  It  has  been  further  pointed  out,  that  of 
two  fluids  contained  in  a capillary  tube,  that  which  has  the 
greatest  affinity  for  the  sides  of  the  tube,  will  flow  along  it 
quicker  than  the  other,  owing  to  mere  physical  action. 

On  the  other  hand,  it  is  alleged  that,  although  a healthy 
condition  of  the  walls  of  the  capillaries  and  of  the  tissues 
beyond  them,  and  a healthy  performance  of  their  functions, 
are  necessary  to  an  unimpeded  flow  of  the  blood  through  these 
vessels,  and  although  a stasis  or  stagnation  of  the  blood,  and 
a dilatation  of  the  capillaries,  accompany  a state  of  inflammation, 
imperfect  secretion,  or  defective  respiration  ; yet  such  facts  do 
not  prove  the  existence  of  a special  propulsive  force,  resident 
in  the  walls  of  the  healthy  capillaries,  or  dependent  upon  the 
healthy  nutritive,  secernent,  or  respiratory  function ; they 
may  merely  show  that  the  capillary  circulation,  though 
dependent  upon  the  action  of  the  heart  and  arteries,  may  be 
retarded  or  arrested  by  abnormal  relations  between  the  blood 
and  the  tissues,  or  air,  outside  the  capillary  walls.  The  en- 
largement of  the  capillaries,  which  accompanies  such  stagna- 
tion of  the  blood  in  them,  and  also  the  shrinking  of  these 
vessels,  as  the  part  recovers,  imply  an  exercise  of  elasticity 
by  their  walls ; but  this  cannot  be,  under  any  circum- 
stances, a moving  force  in  the  circulation,  but  rather  a means 
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of  adapting  the  size  of  the  capillaries,  to  variations  in  their 
contents. 

The  motion  of  the  blood  in  the  capillaries,  when  observed 
lender  the  microscope,  in  animals  not  too  much  disturbed  in 
the  experiment,  is  constant,  equable,  and  regular;  but  the 
character  of  the  movement,  may  be  modified  by  the  dilatation 
or  contraction  of  the  neighbouring  small  arteries  under  the 
action  of  cold  or  other  stimuli,  by  obstructions  in  the  veins, 
and  by  the  condition  of  the  heart  itself.  When,  as  already 
mentioned,  the  heart’s  systole  is  weak,  the  motion  of  the 
blood  in  the  capillaries,  may,  from  the  non-development  of  a 
perfect  recoil  in  the  arteries,  become  pulsatoiy ; and  when  the 
heart  is  stiU  more  enfeebled,  the  blood  in  the  capillaries  may 
merely  oscillate,  or  be  completely  aivested,  or  a backward 
current  may  even  take  place  in  it.  These  and  many  similar 
disturbances,  even  under  the  microscope,  have  been  often 
erroneously  referred  to  active  influences  in  the  coats  of  the 
capillaries,  or  in  the  surrounding  tissues. 

The  motion  of  the  blood  in  the  capillaries,  is  more  rapid  in 
the  centre  of  each  little  stream,  and  slower  at  its  surface,  near 
the  walls  of  the  vessel.  The  existence  of  corpuscles  in  the 
living  blood,  affords  the  means  of  determining  this  fact ; for  the 
red  corpuscles  may  be  seen  to  move,  comparatively  swiftly, 
along  the  centre  of  the  vessel,  whilst  the  white  corpuscles 
travel,  much  more  leisurely,  along  the  sides,  the  ratio  of  their 
respective  movements  being  as  9,  or  even  17,  to  1 (Weber). 
The  outer,  thin,  more  slowly  moving  film,  in  contact  with  the 
inner  surface  oi  the  capillaries,  measures,  under  different  cir- 
cumstances, from  ith  to  only  l-th  of  the  diameter  of  the  vessel. 
It  forms  the  still  layer  or  space  of  Poiseuille,  in  which  the 
white  corpuscles  move  slowly  along,  as  if  some  special  attrac- 
tion retained  them  against  the  sides  of  the  vessel,  whilst  the 
red  corpuscles  are  hurried  along  the  centre.  This  striking 
phenomenon  may  have,  in  part,  a physical  explanation  ; for  a 
retardation  always  occurs  in  the  movement  of  that  portion  of 
a fluid  which  is  in  contact  with  the  walls  of  a tube,  as  com- 
pared with  the  rate  of  motion  along  its  axis,  this  effect  being 
due  to  friction  in  large  tubes,  and  also  to  capillary  attraction 
in  small  tubes.  In  the  living  animal  economy,  the  retardation 
of  the  circumferential  layer  of  blood  in  the  capillaries,  must 
have  an  important  influence  on  the  nutritive,  secretive,  and 
respiratory  processes,  all  of  which  are  accomplished  within  a 
certain  range  of  the  capillary  circulation ; it  may  merely 
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facilitate  the  'withdrawal  from  the  blood,  and  the  escape  through 
the  capillary  walls,  of  certain  necessary  materials ; or  it  may 
be  itself  an  indication  of  nutritive,  or  other,  attractions  from 
without,  operating  on  the  stratum  of  fluid  lying  next  to  the 
thin  capillary  Avails.  Some  such  attraction  may  pre\'ail  bettveen 
the  pale  corpuscles  and  the  Avails  of  the  vessels  themselves, 
but  the  existence  of  this  has  not  been  established.  These  cor- 
puscles, hoAvever,  appear  to  be  naturally  much  more  adliesive 
than  the  red  corpuscles,  as  is  shoAvn  by  their  clinging  to  a 
glass  slide  or  cover,  as  seen  when  a minute  drop  of  blood  is 
spread  out  and  examined  under  the  microscope. 

The  actual  rate  of  motion  of  the  blood  in  the  capillaries, 
as  Avatched  and  measured  by  aid  of  the  micrometer  in  the 
field  of  the  microscope,  in  the  case  of  individual  blood  parti- 
cles, has  been  found  by  various  observers  to  be,  in  the  frog’s 
Aveb,  rather  more  than  1 inch  per  minute,  in  other  Avords,  about 
.gLth  of  an  inch  per  second  (Hales,  Valentin,  VTeber).  As  to 
the  warm-blooded  animals,  the  rate  of  motion  is  higher,  being, 
according  to  Volkmann,  1'8  inches  per  minute  in  the  dog; 
Avhilst  the  obseiwations  of  LudAvig  and  Vierordt  on  the 
entoptical  retinal  image,  or  image  of  Purkinje,  give  a velocity, 
in  the  retinal  capillaries  of  their  OAvn  eyes,  of  from  about 
11th  inch  to  rather  more  than  1|-  inch  per  minute.  The 
average  velocity  in  Man,  might  therefore  frirly  be  estimated  at 
about  2 inches  per  minute,  or  ^’jth  of  an  inch  per  second,  i.e. 
twice  the  velocity  in  the  frog.  The  apparent  rate  of  motion 
of  the  blood,  in  the  capillaries  of  either  a warm  or  cold-blooded 
animal,  as  seen  under  the  microscope,  is  so  high,  that  the 
observer  is  apt  to  be  misled  with  regard  to  its  actual  velocity  ; 
and,  deceived  by  the  apparent  motion,  to  doubt  that  the  real 
velocity  is  only  1 inch  per  minute  in  the  cold-blooded  animal, 
and  2 inches  per  minute  in  the  Avarm-blooded  animal.  But 
the  area  of  observation  being  enormously  magnified,  the  appa- 
rent or  angular  motion  of  the  blood  before  the  eye  of  the 
observer,  is  increased  in  the  same  proportion ; so  that  in  the 
field  of  a microscope  magnifying  180  diameters,  the  rate  of 
motion  of  the  capillary  blood,  appears  to  be,  in  the  frog,  180 
inches  per  minute,  or  3 inches  per  second,  and  in  the  Avarm- 
blooded  animal,  to  equal  tAA'ice  that  velocity.  The  actual  slow 
rate  of  motion  of  the  blood  through  the  capillaries,  is  remark- 
able and  important,  in  connection  AA-ith  the  nAitidtive,  secernent, 
and  respiratory  functions,  giving  ample  time,  as  it  were,  for 
the  important  interchanges  betAveen  the  blood  and  the  tissues 
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or  the  air,  which  take  place  in  them,  especially  for  those  of 
deoxygenation  and  oxygenation,  which  occur,  the  former  in 
the  systemic,  the  latter  in  the  pulmonary,  capillaries. 

The  slow  rate  of  motion  of  the  blood  in  the  capillaries,  is 
even  more  striking,  when  it  is  compared  with  the  rate  of 
motion  in  the  arteries,  which,  as  ah'eady  mentioned,  is  esti- 
mated at  about  10  inches  per  second,  or  600  inches  per 
minute,  in  the  human  carotid,  so  that  the  velocity  of  the  blood 
in  the  systemic  arteries,  is  300  times  greater  than  that  in  the 
systemic  capillaries.  It  has  been  calcidated  that  in  the  pul- 
monary capillaries,  the  rate  of  motion  of  the  blood  is  five  times 
greater  than  the  average  rate  in  the  sy.stemic  capillaries,  i.e., 
10  inches  per  minute,  or  the  ;|th  of  an  inch  per  second. 

This  remarkable  retardation  of  the  blood  in  the  capillary 
vessels,  as  compared  with  its  velocity  in  the  arteries,  is  doubtless, 
in  part  drre  to  increased  friction,  dependent  on  the  vast  increase 
in  the  number  of  channels  through  which  the  blood  now  has 
to  pass ; but  its  chief  cause  is  the  very  great  increase  in  the 
capacity  of  the  capillary,  as  compared  with  that  of  the  arterial 
system.  It  has  already  been  stated  that  the  combined  sectional 
areas  of  the  first  and  second  degrees  of  arterial  branches,  as  a 
rule,  .slightly  exceed  the  sectional  area  of  their  common  trunk. 
In  the  smallest  arteries  this  is  doubtless  much  more  marked  ; 
and  on  aiTiviug  at  the  capillaries,  the  increase  in  the  total  sec- 
tional area  of  the  bloodvessels,  or,  as  it  is  otherwise  expressed, 
in  the  capacity  of  the  capillary  system,  is  sudden  and  immense. 
A fluid  moving  from  a small  into  a wider  tube  or  channel,  has 
its  motion  retarded  accordingly ; and  the  change  of  capacity, 
in  passing  from  the  arterial  to  the  capillary  system,  has  been 
compared  to  that  which  would  take  place  in  a very  short  cone. 
The  relative  areas  of  the  two  systems  of  vessels,  are  usually, 
indeed,  estimated,  as  bearing  an  inverse  ratio  to  the  measured 
velocity  of  the  blood  in  them.  Hence,  according  to  the  pre- 
ceding data,  the  sectional  area  of  all  the  capillaries  in  the 
human  body,  would  be  at  least  300  times  greater  than  that  of 
the  chief  arterial  trunks.  It  has  also  been  calculated  to  be 
about  400  (Volkmann),  500  (Donders),  and  even  more  than 
800  times  (Vierordt),  greater  than  the  area  of  the  aorta. 

Motion  of  the  Blood  through  the  Veins. 

The  position  and  structure  of  the  veins,  and  of  their  valves, 
have  been  described  in  vol.  i.  pp.  18  and  58.  Their  walls, 
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though  thinner,  and  more  easily  compressible,  than  those  of 
the  arteries,  and  less  elastic  and  contractile,  are  very  strong, 
the  vena  cava  having  been  found  to  require  a greater  force  to 
burst  it,  than  the  aorta.  Collecting  the  blood  from  the  capil- 
laries by  minute  venous  radicles,  the  systemic  veins  convey 
the  dark  blood,  from  all  parts  of  the  body,  back  to  the  right 
auricle  of  the  heart.  In  the  limbs,  the  superficial  veins  lying 
beneath  the  skin  are  not  subjected  to  the  pressure  of  muscles; 
whereas  the  muscles  must  press  upon  the  sides  of  the  deep 
veins.  The  pulmonary  veins,  which  convey  bright  blood 
from  the  lungs  to  the  left  auricle,  are  peculiarly  circum- 
stanced, being,  like  the  pulmonary  arteries,  situated  entirely 
within  the  chest. 

The  blood  in  the  veins,  as  indicated  by  opening  a vein  in 
the  living  body,  moves  by  an  even  flow,  destitute  of  any  pul- 
satory or  jerking  movement ; for  the  rhythmic  character  of  the 
heart’s  action,  is  already  lost  in  the  capillaries,  and  the  equable 
flow  of  blood  in  them,  necessitates  a coiTesponding  equability  in 
the  motion  of  the  venous  blood.  But  the  primary  force  which 
urges  on  the  blood  in  the  veins,  is  still  the  heart’s  action, 
modified  by  the  resilience  of  the  arteries,  which,  after  having 
nearly  exhausted  itself,  in  propelling  the  blood  through  the 
capillaries,  is  still  adequate  to  move  on  the  blood  in  the  veins. 
The  chief  resistance  in  the  circulation  of  the  blood,  takes 
place  in  the  capillaries,  where,  doubtless,  it  is  very  great; 
indeed,  the  force  of  the  blood  in  the  veins,  as  measured  by 
liEemadynamometers  fitted  into  those  vessels,  varies  from  -j^th 
to  -2^th  of  that  of  the  blood  iir  the  corresponding  arteries 
(Poiseuille).  In  the  dog,  the  blood  pressure  in  the  jugular 
vein,  is  from  ™ carotid  artery  (Valen- 

tin) ; but  the  blood  pressure  diminishes,  in  proceeding  from 
the  branches  to  the  larger  veins,  and  in  the  great  veins  close 
to  the  heart,  the  pressure  is  scarcely  appreciable.  But  certain 
facts  seem,  nevertheless,  to  show  that  this  force  is  really  the 
residue  of  that  of  the  left  ventricle,  which  is  therefore  an  ade- 
quate cause,  and  probably  the  true  cause,  of  the  motion  of  the 
blood  in  the  veins,  towards  the  right  auricle.  First,  pressure 
upon  all  the  arteries  of  a given  part,  arrests  the  flow  of  blood 
from  a wounded  vein  belonging  to  the  same  part.  Secondly, 
if  the  venous  circulation  from  a given  part,  be  entirely 
arrested,  by  pressure  on,  or  ligature  of,  the  veins,  the  blood- 
pressure  in  them  is  said  to  rise,  so  as  even  to  be  equal  to  that 
in  the  corresjDonding  arteries  (Magendie).  Thirdly,  as  already 
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stated,  when  the  heart’s  action  is  weakened,  its  rhythmic  force 
is  propagated  into  the  capillaries,  giving  a pulsatory  movement 
to  the  blood  contained  in  them,  and  so  establishing  the  fact  that 
the  heart’s  action  extends  to  that  part  of  the  circulation ; but, 
besides  this,  under  certain  conditions,  oscillations  occur  in  the 
blood-pressure  in  the  veins,  as  indicated  by  the  liEemadynamo- 
meter.  Fourthly,  water  injected  into  the  arteries,  with  a 
force  less  than  that  of  the  heart,  returns  through  the  veins. 
Lastly,  it  has  been  shown  by  Dr.  Sharpey,  that  defibrinated 
ox’s  blood  injected  into  the  thoracic  aorta  of  a dog,  passes 
freely  back  by  the  veins  of  the  lower  limbs ; also,  that  if  the 
aorta  be  tied  in  the  abdomen,  below  the  origin  of  the  arteries 
of  the  stomach  and  intestines,  the  blood  still  returns  along  the 
inferior  vena  cava.  In  the  former  case,  the  blood  passes 
through  a single  capillary  system,  namely,  that  of  the  lower 
limbs,  whilst,  in  the  latter,  it  is  propelled  through  two  sets  of 
capillary  vessels,  viz.  through  those  of  the  alimentary  canal, 
into  the  portal  venous  system,  onwards  through  the  capillary 
plexuses  of  the  hepatic  lobules,  and  then  through  the  hepatic 
veins  into  the  vena  cava  inferior.  The  pressure  employed  in 
these  experiments,  as  measured  by  the  haemadynamometer, 
was  maintained  at  about  6 inches  of  mercury,  which  is  known 
to  agi-ee  with  the  force  of  the  left  ventricle  in  the  living  dog. 
To  propel  the  blood  through  the  pulmonary  arteries,  capil- 
laries, and  veins,  a less  force  was  sufScient.  'From  the 
preceding  considerations  and  experiments,  the  adequacy  of 
the  heart’s  force,  to  complete  the  circulation  of  the  blood 
back  to  itself,  may  therefore  be  considered  as  established. 
The  position  of  this  organ  in  the  centre  of  the  circulatory 
sy.stem,  its  large  muscular  mass,  and  the  proportionate  thick- 
ness of  the  right  and  left  ventricles  to  the  work  Avhich  each 
has  to  perform,  likewise  favour  the  conclusion  that  the  heart, 
when  present,  is  the  real  agent  in  the  circulation  of  the 
blood.  A circulation  also  takes  place,  however,  in  so-called 
acardiac  embryos,  in  which  the  heart  is  absent,  though,  in 
some  of  these,  the  movement  of  the  blood  may  depend  on  the 
action  of  the  heart  of  a conjoined  embryo.  Again,  in  the 
early  embryo  of  the  chick,  a movement  of  the  blood  in  the 
so-called  vascular  area,  is  noticeable  before  the  heart  begins 
to  pulsate ; but  this  movement  is  irregular,  and  takes  place 
from  the  vascular  area  towards  the  embryo.  Moreover,  as  we 
shall  hereafter  see,  a true  circulation  takes  place,  in  contractile 
vessels,  in  certain  of  the  lower  animals,  which  are  destitute  of 
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a heart.  Lastly,  in  plants,  examples  are  met  with  of  a circu- 
lation independent  even  of  contractile  ves.sels  or  cells.  The 
advocates  of  the  existence  of  a force,  originating  in  the  capil- 
laries or  their  neighbourhood,  relying  on  these  and  other  facts 
already  mentioned,  of  coirrse  suppose  it  to  be  superadded  to 
that  of  the  heart  in  the  venous  circulation. 

The  motion  of  the  blood  in  the  veins,  and  its  consequent 
return,  through  them,  to  the  heart,  are  aided,  in  Man  and  the 
higher  animals,  by  certain  secondary  or  so-called  adjuvant 
causes,  such  as  the  pressure  of  the  muscles,  and  the  thoracic 
respiratory  movements. 

In  a few  exceptional  cases,  the  veins  themselves  possess  a power  of 
rhythmic  contraction ; the  veins  in  the  delicate  ears  of  the  rabbit,  have 
been  seen  to  pulsate ; in  the  bat’s  wings,  the  veins  contract  from  8 to 
10  times  in  a minute  (Wharton  Jones).  The  caudal  vein  of  the  eel, 
the  portal  veins  of  the  myxine,  and  some  of  the  abdominal  veins  of  the 
amphioxus,  are  also  pulsatile  at  certain  points. 

The  effects  of  muscular  pressure,  considered  as  an  aid  to  the 
circulation,  are  entirely  due  to  the  presence  and  direction  of  the 
valves  in  the  interior  of  the  veins.  These  are  found  chiefly  in 
the  veins  of  the  limbs,  especially  in  the  superficial  veins,  and 
also  in  the  large  veins  at  the  root  of  the  neck.  Furthermore, 
the  fi-’ee  edges  of  the  valve-segments  being  turned  towards  the 
heart,  in  the  direction  of  the  venous  blood-cm-rent,  the  valves 
allow  the  return  of  blood  to  the  heart,  but  are  speedily  closed, 
when  any  obstacle  to  the  onward  flow  of  the  blood  occurs,  as 
when  a vein  is  compressed  between  a valve  and  the  heart. 
Under  such  circumstances,  the  reflux:  of  the  blood  in  the 
veins,  from  its  trunk  to  its  branches,  is  checked,  and  on  any 
additional  pressure,  the  blood  contained  in  the  veins,  is  urged  on 
towards  the  heart.  Moreover,  owing  to  the  frequent  anasto- 
moses between  neighbouring  veins,  some  of  the  blood  may  also 
be  pressed  into  collateral  channels,  which  are  not  subjected  to 
pressure,  and  so  be  aided  in  its  progress  to  the  heart.  This  is 
exemplified  by  the  increased  quantity  of  blood  forced  into  the 
superficial  veins  of  the  limbs,  during  muscular  efforts  which 
compress  the  deep-seated  veins.  In  the  actions  of  different 
muscles  in  the  various  movements  of  the  body,  sometimes  one 
set  of  veins,  sometimes  another,  must  be  compressed ; and  the 
varying  degrees  of  compression  to  which  the  deep-seated  veins 
especially  are  subjected,  must  assist  or  hasten  the  return  of 
blood  to  the  heart.  But  this  is  not  an  essential  cause  of  the 
venous  circulation,  for  that  is  perfectly  performed  during  the 
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most  complete  rest  of  the  muscles  of  the  limbs,  as  in  the  state  of 
repose,  sleep,  and  paralysis  ; moreover  the  circulation  through 
the  brain  is  performed  altogether  independently  of  muscular 
pressure,  and  of  the  presence  of  valves  in  its  veins.  When, 
owing  to  muscular  exertion,  a larger  quantity  of  blood  is  re- 
turned to  the  heart  in  a given  time,  the  frequency  of  the 
heart’s  beats  is  always  increased,  a-  mutual  adaptation  being 
thus  evidenced,  between  the  rapidity  with  which  the  blood  is 
returned  to  the  heart,  and  that  with  which  the  heart  endeavours 
to  tran.smit  it  onwards. 

The  respiratory  movements  have  been  long  believed  to  aid 
in  the  systemic  circulation  of  the  blood.  Unlike  the  pulmo- 
nary circulation,  the  systemic  circulation  is  partly  performed 
within,  but  partly,  and  chiefly,  without,  the  thorax  ; hence 
different  portions  of  it,  are  unequally  affected  or  disturbed  by 
the  thoracic  movements.  It  has  already  been  stated  that 
during,  and  almost  to  the  end  of  expiration,  the  blood  pressure 
in  the  systemic  arteries  is  increased  ; the  effects  of  this  increased 
pressure  have  even  been  recognised  beyond  the  capillaries,  in 
the  veins;  for  the  flow  of  blood  from  a divided  vein  becomes 
stronger  at  each  expiration.  But  expiration,  though  it  aids 
the  arterial  current,  must,  when  the  continuity  of  the  veins  is 
perfect,  retard  the  venous  cirrrent ; for  the  chest  walls  must 
then  compress  the  contents  of  that  cavity,  including  the  right 
auricle  and  great  venous  trunks,  and  so  hinder  or  check  the  flow 
of  blood  into  them.  This  is  shown  by  the  accumulation  of  blood 
in  those  veins,  by  the  congestion  of  the  face,  and  by  the  dis- 
tension of  the  veins  of  the  neck  and  forehead,  during  expiratory 
efforts,  such  as  coughing  or  sneezing,  and  holding  the  breath, 
with  or  without  some  other  accompanying  effort.  The  ex- 
piratory thoracic  movements  cannot,  therefore,  be  regarded  as 
contributing  to  the  venous  circulation,  the  effect  on  the  blood 
in  the  arteries,  being  more  or  less  counterbalanced  by  that  on 
the  blood  in  the  veins.  The  inspiratory  movements  increase 
the  arterial  blood  jiressure,  without  otherwise  affecting  the 
blood-current  in  the  arteries;  because  the  semilunar  valves 
prevent  regurgitation  towards  the  thoracic  space.  But  the 
absence  of  similar  valves  at  the  entrance  of  the  vena?  cava?  into 
the  right  auricle,  so  far  permits  the  influence  of  inspiration  on 
the  blood  in  the  great  veins,  as  to  facilitate  its  entrance  into 
the  thorax,  i.  e.  into  the  great  venous  trunks  and  the  right 
auricle  of  the  heart. 

If  a bent  tube  be  inserted  into  the  jugular  vein  of  an 
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animal,  and  its  lower  end  be  dipped  into  fluid,  tbe  latter  will  be 
found  to  I’ise  within  the  tube,  at  each  inspiration,  sinking  again, 
even  a little  below  its  original  level,  during  expiration  (Sir  D. 
Barry).  The  blood  pressure,  as  measured  by  the  hsemadynamo- 
meter,  has  also  been  shown  to  be  less,  by  from  3 to  7|  inches,  in 
the  veins  duringinspiration,  especially  in  those  near  to  the  chest; 
in  the  sciatic  vein,  on  the  other  hand,  it  is  no  longer  observed. 
If  the  veins  had  rigid  walls,  the  etfect  of  inspiration  in  draw- 
ing the  venous  blood  into  the  thorax,  would  be  considerable ; 
but  the  collapsible  character  of  their  coats,  and  their  yielding 
on  pressure,  prevent  this  exhausting  process.  At  the  root  of  the 
neck,  the  great  veins  are  more  or  less  supported  by,  or  attached 
to,  the  bones  or  other  parts,  and  so  may  be  partially  maintained 
in  a pervious  condition.  The  effect  of  inspiration  is,  indeed, 
limited  to  the  large  veins  clo.se  to  the  thorax  ; for,  as  we  have 
seen,  the  blood  pressure  in  the  more  distant  veins  of  the  limbs 
is  not  increased  during  inspiration.  It  is  this  suction  force 
towards  the  chest,  during  inspii-ation,  which  has  been  named, 
in  regard  to  its  effect  on  the  circulation,  the  vis  a f route,  in 
contradistinction  to  the  vis  a tergo,  derived  mainly  trom  the 
heart,  modified  by  the  arteries,  possibly  aided  by  the  nutritive 
and  respirator}^  work  accomplished  through  the  capillaries,  and 
certainly  assisted  by  muscular  pressure.  The  existence  of  this 
suction  force  towards  the  thorax,  and  its  influence  on  the 
venous  blood-current,  are  illustrated  bv  the  accidents  which  have 
sometimes  occurred  in  sirrgical  operations  in  the  region  of  the 
neck,  when  air  has  been  drawn  in  through  wounded  and 
patulous  veins,  and  has  occasionally  caused  death.  Horses 
have  been  often  killed  by  blowing  air  down  the  jugular  vein. 
The  right  side  of  the  heart  is,  in  such  cases,  found  filled  with 
frothy  blood.  The  cause  of  death  is  probably  due,  not  to 
paralysis  of  the  muscular  fibres  of  the  heart,  but  to  the  me- 
chanical impossibility  of  the  passage  of  frothy  blood  through 
the  capillaries  of  the  lungs. 

The  presence  of  valves  in  the  veins  near  the  heart,  also  con- 
tributes to  the  intermittent  aid  given  to  the  venous  circulation 
by  the  respiratory  movements ; for,  whilst  they  permit,  during 
inspiration,  the  influx  of  blood  through  the  large  veins  into 
the  chest,  they  prevent  the  reflux  of  the  blood  in  them  during 
expiration,  so  that  the  balance  of  advantage  is  in  favour  of  the 
return  of  the  venous  blood.  The  valves  of  the  jugular  veins 
not  only  serve  this  pimpose,  but  also  prevent  the  regurgitation 
of  the  blood  towai’ds  the  brain,  during  coughing,  or  other 
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efforts  accompanied  by  violent  expiration  or  compression  of 
the  chest.  This  reflux  motion  of  the  blood  in  the  great  veins 
of  the  neck,  is  shown  by  alternating  conditions  of  fulness  and 
emptiness  of  those  vessels,  synchronous  with  expiration  and 
inspiration,  producing  the  so-called  respiratory  pulse.  In  cases 
in  which  portions  of  the  skull  have  been  removed  in  the  living 
body,  and  in  which  the  veins  within  the  cranium,  protected 
from  atmospheric  presstrre  at  their  sides,  may  be  compai’ed  to 
the  tube  in  Sir  D.  Barry’s  experiment,  an  alternate  rising  and 
sinking  of  the  brain  have  been  observed,  corresponding  respec- 
tively with  the  movements  of  expiration  and  inspiration.  These 
movements  must  be  distinguished  from  the  slighter  pulsatory 
movements  coincident  with  the  heart’s  action,  and  dependent 
on  the  pulse  of  the  cerebral  arteries.  In  constrictive  disease 
of  the  valved  orifices  of  the  heart,  the  return  of  blood  into 
that  organ  from  the  veins,  is  impeded,  and  those  vessels, 
accordingly,  become  permanently  distended  near  the  heart. 
Such  disease  almost  always  affects  the  orifices  on  the  left  side 
of  the  heart,  and  its  effect  on  the  great  systemic  veins,  is  com- 
municated backwards,  indirectly,  through  the  pulmonary  cir- 
culation. Even  in  the  healthy  condition,  the  imperfect  closure 
of  the  tricuspid  valve  causes  a venous  pulse  at  each  ventricular 
systole,  the  shock  being  conveyed  through  the  blood  in  the  right 
auricle,  and  thence  into  the  veins  of  the  neck,  as  far  as  the 
first  set  of  valves. 

The  effects  of  gravity  on  the  venous  circulation,  or  rather 
on  certain  parts  of  it,  have  been  sometimes  erroneously  esti- 
mated ; for  it  was  imagined  that  the  upward  current  through 
the  veins  in  the  lower  part  of  the  body,  i.e.  below  the  heart, 
was  resisted  by  the  weight  of  the  column  of  blood  below  that 
organ  ; whilst  the  venous  circulation  in  the  upper  half  of  the 
body,  i.e.  above  the  heart,  was  thought  to  be  aided  by  the 
weight  of  the  corresponding  column  of  venous  blood.  But 
the  circulation  of  the  blood  being  performed  in  a closed  system 
of  vessels,  consisting,  as  it  were,  half  of  arteries  and  half  of 
veins,  which  meet  in  the  capillaries,  the  weight  of  the  venous 
blood  in  the  lower  limbs,  is  counterbalanced  by  that  of  the 
arterial  blood.  Hence,  the  gravity  of  the  venous  blood  does  not, 
per  se,  offer,  such  an  obstacle  to  the  circulation,  as  requires  to  be 
overcome  by  the  force  of  the  heart;  for  the  two  columns  of  blood 
balance  each  other  hsemostatically,  like  columns  of  water  in  a 
U-shaped  tube.  With  regard  to  the  vessels  above  the  heart,  they 
also  form  a double  closed  system,  and  the  advantage  of  gravity 
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on  the  venous  side,  is,  so  far  as  the  heart’s  action  is  concerned, 
counterbalanced  by  the  disadvantage  on  the  arterial  side. 

however,  does  actually  alFectthe  circulation,  through 
its  influence  on  the  circulatory  organs,  especially  on  the 
capillaries  and  veins ; for  these  vessels  are  not  rigid,  like  a 
U-shaped  tube,  but  yielding.  The  weight  of  the  entire 
column  of  venous  blood,  for  example,  is  supported  by  the 
coats  of  the  veins,  those  of  the  lower  limbs  having  more 
weight  to  bear  than  the  veins  of  the  trunk,  and  these  again 
more  than  the  veins  of  the  upper  limbs,  neck,  and  head. 
Hence  the  coats  of  the  veins,  in  the  lower  limbs,  especially 
those  of  the  less  supported  subcutaneous  veins,  are  propor- 
tionally thicker  than  those  in  the  upper  parts  of  the  body,  the 
coats  of  the  jugular  vein  being  very  thin,  and  those  of  the 
saphenous  vein  very  thick,  in  proportion  to  their  size.  Hence, 
too,  the  valves  are  more  numerous,  and  of  greater  strength, 
in  the  veins  of  the  lower  limbs  than  in  those  of  the  upper 
limbs ; whilst  in  the  neck,  they  exist  only  in  the  neighbour- 
hood of  the  chest.  The  mechanical  effect  of  these  valves,  is  to 
save  the  entire  length  of  the  vein  from  the  total  pressure  of 
the  venous  column,  and  to  divide  it  into  shorter  subordinate 
columns,  into  which,  however,  weight  is  stiU  transmitted  by 
the  collateral  veins.  When  the  valves  of  the  veins  of  the 
lower  limbs,  are  weakened,  and  no  longer  close  perfectly,  those 
vessels  become  distended,  and  varicose.  If  the  tonicity^  and 
elasticity  of  the  smaller  veins  be  impaired,  or  overcome,  by 
prolonged  over-distension,  from  obstructions  to  the  return  of 
blood  from  them,  or  by  general  debility,  the  fluid  part  of  the 
blood  is  liable  to  escape  through  the  coats  of  the  capillaries 
and  minute  veins,  so  as  to  cause  dropsy. 

The  rate  o f 7notion  of  the  blood  in  the  veins,  is  much  quicker 
than  that  in  the  capillaries;  but  not  so  quick  as  in  the  arteries. 
In  the  jugular  vein  of  a dog,  the  rate  of  motion  has  been 
estimated  at  64th  inches  per  second  (Yolkmann).  Considered 
generally,  the  average  velocity  of  the  blood  in  the  veins,  is 
said  to  be  from  ^ to  of  that  of  the  blood  in  the  correspond- 
ing arteries  ; this  estimate  is  founded  on  the  supposed  relative 
capacity  of  the  venous,  as  compared  with  the  arterial,  system, 
which  is  believed  to  be  as  2 or  3 to  1.  As  the  velocity  of 
the  arterial  blood  diminishes  in  the  smaller  arteries,  partly  in 
consequence  of  friction,  but  also  owing  to  the  increased 
capacity  of  the  branches  in  comparison  with  the  trvmks,  so 
inversely,  as  the  veins  diminish  in  capacity  fr'om  their 
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branches  to  their  trunks,  the  velocity  of  the  blood  in  them 
increases  as  it  approaches  nearer  and  nearer  to  the  heart,  and, 
in  the  larger  veins,  becomes  equal  to  about  §,  or  more,  of  the 
velocity  in  the  corresponding  arteries.  The  form  of  the 
entire  vascular  system  has  indeed  been  likened  to  two  bent 
cones,  joined  at  their  apices  in  the  heart,  and  at  their  bases 
in  the  capillary  system.  The  quantity  of  blood  received  by 
the  right  auricle,  closely  agrees  with  that  thrown  from  the  left 
ventricle ; hence,  therefore,  the  velocity  of  the  venous  current, 
as  it  enters  the  right  auricle,  must  be  less  than  that  of  the 
arterial  blood  passing  through  the  aortic  orifice ; for  the  com- 
bined areas  of  the  two  vense  cav®,  are  greater  than  the  area  of 
the  aorta. 

The  rate  of  motion  of  the  blood  in  the  veins,  is  more  subject 
to  disturbing  causes,  whether  of  acceleration  or  retardation, 
than  in  any  other  part  of  the  circulation.  Thus,  the  effects  of 
muscular  pressure,  though,  on  the  whole,  favourable  to  the 
onward  fiow  of  the  blood  in  the  veins,  are  necessarily  inter- 
mittent, according  or  not  as  the  muscles  are  at  play.  Again, 
the  opposite  influences  of  expiration  and  inspiration,  though 
felt  only  within  a certain  distance  of  the  thorax,  and  so  affect- 
ing the  rate  of  motion  of  the  blood  in  the  large  veins  only,  are 
themselves  liable  to  great  variations,  according  to  the  activity, 
violence,  or  depth  of  the  inspiratory  or  expiratory  movements. 
Such  variations  occur  constantly  during  life,  and  incessantly 
alter  the  rate  of  motion  of  the  venous  blood-current.  In  ex- 
periments on  animals  not  subjected  to  the  continued  and 
uniform  influence  of  chloroform,  the  struggles,  and  the  respira- 
tory efforts  of  the  creature,  greatly  disturb  the  velocity  of  the 
venous  current,  sometimes  checking,  sometimes  accelerating, 
it.  Individual  estimates  of  the  velocity  of  the  blood  in  the 
veins,  must  therefore  be  accepted,  with  some  reservation. 

There  are  certain  peculiarities  in  the  venous  circulation  of 
particidar  parts  of  the  body.  Thus,  the  portal  circulation  is 
peculiar,  from  the  fact  that  the  blood  passes  in  it,  through 
a second  capillary  network,  before  it  returns  to  the  heart; 
for  the  blood  which  circulates  thus  through  the  liver,  has 
already  been  driven  through  the  capillary  vessels  of  the 
other  abdominal  organs  of  digestion.  There  are  no  valves 
in  the  portal  or  hepatic  veins ; but  the  latter  are  retained  con- 
stantly in  a pervious  state,  by  their  adhesion  to  the  substance 
of  the  liver,  a condition  favourable  to  the  passage  of  the 
blood  from  that  organ.  Again,  the  circulation  within  the 
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cranium,  presents  peculiarities;  the  arterial  trunks  which 
enter  it,  tour  in  number,  are  of  large  size,  traverse  bonv 
passages  in  their  way  to  the  cranial  cavity,  and  unite  by  ana- 
stomoses in  the  interior  of  the  skull,  at  the  base  of  the  brain, 
all  which  arrangements  are  calculated  to  secure  a full  and 
free  supply  of  blood  to  the  brain,  under  various  conditions  of 
external  pressure,  or  other  impeding  causes.  Besides  this, 
the  proper  arteries  of  the  brain,  ramify,  in  an  unusually 
tortuous  manner,  upon  its  complex  surface,  and  at  last  divide, 
in  the  pia-mater,  into  a close  web  of  numberless  branches  sup- 
ported by  a delicate  cellular  tissue ; from  these,  long  slender 
minute  vessels  enter  the  brain  at  all  points,  ensuring  a perfect 
supply  of  blood,  and  its  even  and  gentle  entrance  into  the 
delicate  cerebral  substance.  The  veins  within  the  cranium 
present  special  modifications ; first,  they  have  no  valves ; 
moreover,  the  largest  venous  channels  consist  of  passages 
between  layers  of  the  dura-mater,  the  fibrous  membrane 
which  immediately  lines  the  skull ; hence,  they  are  not  sub- 
jected to  accidental  pressure,  such  as  might  interfere  with  the 
blood-current  within  them.  Lastly,  as  the  cranium  itself  has 
rmyielding  walls,  the  circulation  of  the  blood  through  the 
brain,  is  carried  on  under  very  peculiar  conditions,  as  compared 
with  that  of  other  organs,  which  are  .subject  to  atmospheric, 
and  perhaps  muscidar,  pressure  also.  The  brain  and  the  blood 
being  incompressible,  the  quantity  of  blood  within  the  cranium, 
must  either  be  always  the  same,  or  else  some  special  provision 
must  exist  for  its  increase  or  diminution  in  quantity.  It  has 
been  suggested,  that  the  quantity  of  blood  in  the  cranium  is 
absolutely  unalterable,  and  that  the  only  changes  which  can 
take  place  in  the  cerebral  circulation,  are  various  compensatory 
displacements  of  the  blood,  in  the  interior  of  the  arteries,  veins, 
and  capillaries ; but  expeiiments  have  shown  that  the  brain  of 
an  animal  may  be  rendered  pallid,  i.e.  may  be  deprived  of  the 
blood  in  its  vessels,  bj^  extreme  Au-nesection.  l\IoreoA-er,  the 
presence  of  the  cerebro-spinal  fluid  (vol.  i.  p.  295),  and  the 
knoAvn  rapidity  Avith  A\diich  the  secretion  and  absorption  of  so 
diffluent  a fluid,  may  take  place,  afford  a feasible  explanation 
of  the  mode  in  which  variations  in  the  quantity  of  blood  in 
the  vessels  Avithin  the  cranium,  may  be  rapidly  counter- 
balanced. 

The  pulmonary  circulation  presents  many  peculiarities.  Its 
arteries  convey  dark  or  deoxygenated,  and  its  A-eins  bright  or 
oxygenated,  blood.  Neither  its  veins  or  arteries  anastomose. 
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except  in  their  very  finest  ramifications ; its  veins  have  no 
valves,  either  in  their  course,  or  at  their  entrance  into  the 
left  auricle ; its  capillaries  are  large,  most  numerous,  and 
very  short  between  the  arteries  and  veins.  As  every  part  of  the 
pulmonary  circulation  is  carried  on  within  the  thorax,  the 
flow  of  blood  from  the  right  ventricle,  through  the  pulmonary 
vessels,  to  the  left  auricle,  is,  unlike  the  systemic  circulation, 
equally  influenced  in  every  part,  at  each  moment,  by  the 
varying  conditions  of  thoracic  pressure.  Lastly,  the  loops  of 
the  pulmonary  circulation  are  much  shorter  than  those  of  the 
systemic  vessels,  and  the  blood  takes  much  less  time  in  passing 
through  them.  The  velocity  of  the  blood  is  greater,  and  the 
blood  pressure  much  less. 

Period  of  a complete  Circulation. 

It  has  been  seen  that  the  chief  cause  of  the  circulation  of 
the  blood  in  Man,  and  in  animals  possessing  a heart,  is  un- 
doubtedly the  muscular  force  of  that  organ ; that  the  relative 
velocity  of  the  blood-current  in  its  several  parts,  is  quickest  in 
the  arteries,  slower  in  the  veins,  and  slowest,  by  many  degrees, 
in  the  capillaries,  the  actual  rate  in  the  large  arteries  being 
about  10  inches  per  second,  in  the  small  arteries  probably 
about  2‘2  inches  per  second,  in  the  capillaries  about  -^^j^th  of 
an  inch  per  second,  and  in  the  medium-sized  veins  from  about 

to  i of  the  rate  in  the  corresponding  arteries ; and  lastly,  that 
the  rate  of  movement  through  the  pulmonary  circulation,  is  five 
times  more  rapid  than  that  through  the  systemic  circulation. 
There  remains  yet  to  enquire,  in  what  period  of  time  the 
complete  circulation  is  performed,  that  is  to  say,  in  what 
time,  a given  minute  portion  of  blood,  thrown  from  the  left 
ventricle,  or  passing  any  other  given  point  of  the  circulation, 
will  flow  through  the  body  and  lungs,  back  to  the  same  point. 
The  conclusion  arrived  at  on  this  subject,  based  on  many 
experiments  in  animals,  is,  that,  in  Man,  a complete  circulation 
of  a given  particle  of  the  blood,  may  be  performed  within 
a much  le.ss  time  than  one  minute.  A solution  of  ferro- 
cyanide  of  potassium  (selected  for  the  facility  with  which  it 
may  be  detected  by  appropriate  chemical  tests),  being  injected 
into  the  right  jugular  vein  of  a horse,  successive  portions  of 
blood  are  drawn  from  the  opposite  jugular  vein,  and  subse- 
quently tested;  the  presence  of  the  salt  has  been  detected  in  the 
portion  of  blood  so  drawn,  at  the  expiration  of  30  or  even  of  20 
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seconds  (Hering).  In  such  an  experiment,  the  ferrocyanide  of 
potassium  could  not  have  passed  through  the  tissues  across 
tlie  neck,  from  one  vein  to  the  other,  but  must  have  proceeded 
with  the  blood  along  the  right  jugular  vein,  to  the  right 
side  of  the  heart,  thence,  through  the  pulmonary  vessels,  to 
the  left  side  of  that  organ,  next  through  the  aorta,  carotid 
arteries,  and  capiUaiies  of  the  head  and  neck,  and  thence 
along  the  veins  into  the  left  jugular  ; in  other  words,  it  must 
have  performed,  rvith  the  blood,  a complete  circuit  through  the 
lesser  circulation  in  the  lungs,  and  thi’ough  that  part  of  the 
greater  circulation  which  belongs  to  the  head  and  neck.  The 
passage  of  the  ferrocyanide  of  potassium,  from  the  jugular 
vein,  through  the  lungs,  and  thence,  through  the  hinder  limbs 
of  the  horse,  to  the  great  saphenous  vein  of  the  thigh,  takes 
place  in  20  seconds ; and,  from  the  same  vein,  to  various  arteries 
of  the  body,  in  still  shorter  times,  viz.  to  one  of  the  facial 
arteries  in  10  seconds,  but  to  more  distant  arteries,  as  e.g. 
to  the  metatarsal  in  the  hind  limb,  in  firorn  20  to  40  seconds 
(Hering). 

Similar  experiments  have  been  made,  but  on  an  impi'oved 
method,  by  arranging  a series  of  small  cups  on  a rotating 
apparatus,  so  that  they  can  be  quickly  moved  in  succession, 
before  an  aperture  in  a vein  ; in  this  way,  the  blood  is  collected 
at  very  short  and  exact  intervals.  The  time  occupied  in  a 
complete  circulation  of  the  blood,  can  thus  be  determined  even 
in  small  animals.  In  them,  speaking  generally,  the  passage  of 
poisonous  substances  injected  into  the  veins,  takes  place  more 
c^uickly  than  in  the  horse.  In  the  dog,  the  time  is  found  to  be 
16'7  seconds;  in  the  rabbit,  nearly  7'79  seconds;  in  the 
cat,  6'69  seconds,  and  in  the  squirrel,  4'39  seconds;  in  the 
horse,  it  is  31’5  seconds  (Vierordt).  Allowing  for  the  obvious 
effect  of  size,  and  consequent  length  of  the  bloodvessels,  it  must 
be  concluded  that  the  blood  in  the  human  body,  performs 
the  complete  roimd  of  the  circulation,  in  even  less  than  half  a 
minute. 

Vierordt  has  pointed  out  a remarkable  relation  between  the  frequency 
of  the  pulse,  that  is,  of  the  heart’s  beats,  in  different  Mammalia  and  Birds, 
and  the  ascertained  average  period  of  the  complete  circulation  in  them. 
The  frequency  of  the  pulse  in  these  animals,  increases,  generally,  as  their 
size  diminishes,  being,  for  example,  in  the  horse,  dog.  cat,  rabbit,  and 
squirrel,  respectively,  55,  96,  210,  220,  and  320  in  the  minute,  or  60 
seconds.  But,  as  we  have  seen,  the  times  of  a complete  circulation  in 
them  are.  315,  167,  6'69,  7'79.  and  4'39  seconds.  From  such  data, 
it  is  shown,  that  a complete  circulation,  in  these  several  animals,  is 
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performed  diiring  the  following  numbers  of  heart’s  beats ; viz.  28'8, 
26'7,  26'8,  28'5,  23'7.  Thus,  in  the  horse,  for  example,  as  60  see.  ; 
55  beats;  ; 3L6  see. : 28'8  beats.  In  the  larger  Birds,  nearly  the  same 
proportion  prevails  ; and  the  mean  relation  is  found  to  be  about  27 
heart’s  beats  for  eaeh  eomplete  eireulation. 

In  Man,  Vierordt  calculates  that,  with  the  pulse  at  72 
per  minute,  the  heart’s  heats  are  27'7  for  each  complete 
circulation,  which  is  accordingly  performed  in  23’1  seconds,  or 
less  than  half  a minute.  Thus  as  72  ; 60  : : 27'7  : 23T. 

Every  portion  of  the  blood  does  not  complete  its  circulation 
in  exactly  the  same  time.  As  regards  the  pulmonary  circula- 
tion, but  little  difference  can  occur,  whether  a given  portion  of 
blood  passes  through  the  right  or  the  left  lung,  or  through  this 
or  that  portion  of  either  lung,  on  its  way  from  the  right  to 
the  left  cavities  of  the  heart;  but  even  here,  certain  differences 
in  the  length  of  the  route  pursued  by  different  portions  of 
blood,  must  exist.  In  the  systemic  circulation,  however,  the 
differences  are  much  more  marked;  the  shortest  route  through 
which  a portion  of  the  blood  has  to  pass  from  the  left  to  the  right 
cavities  of  the  heart,  is  that  through  the  nutrient  vessels  of 
the  heart  itself,  and  the  longest  route,  that  through  the  vessels 
of  the  lower  limbs.  Different  portions  of  the  blood  have,  in- 
deed, to  circulate  through  arches  of  varying  length,  and  hence 
the  time  which  they  take  to  traverse  different  parts  of  the 
body,  must  be  somewhat  different. 

The  slow  rate  of  motion  of  the  blood  through  the  capil- 
laries, only  2 inches  per  minute  in  warm-blooded  animals, 
appears,  at  first  sight,  to  be  opposed  to  the  above-mentioned 
conclusion  as  regards  the  high  rate  of  velocity  of  a complete 
circulation  ; for  in  that  circulation,  the  blood  passes  through 
two  sets  of  capillary  vessels,  pulmonary  and  systemic,  besides 
traversing  the  arteries  and  veins  of  those  two  circulations,,  as 
well  as  both  sides  of  the  heart.  But  it  has  been  estimated 
that  the  systemic  capillaries  of  any  given  organ  or  tissue  of 
the  body,  numberless  as  they  are,  cannot  measure,  from  the 
finest  arteries  to  the  finest  veins,  more  than  about  x\j-th  of  an 
inch  in  length  ; the  pulmonary  capillaries  must  be  still  shorter. 
According  to  Vierordt,  the  systemic  capillaries  do  not  measure, 
on  an  average,  more  than  -j^th  of  an  inch  in  length,  although 
these  limits  are  not  Avell  defined.  The  blood  may  therefore  pass 
through  both  the  systemic  and  pulmonary  capillaries,  in  a period 
of  about  3^  seconds  only  (viz.  in  3 seconds  through  the  former, 
and  in  a second  thi-ough  the  latter-named  vessels).  Assuming 
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with  Vierordt,  the  total  period  of  a circulation  at  about  28 
seconds,  in  a man  of  average  height,  this  would  leave  a balance 
of  24-^  seconds  for  the  passage  of  the  blood  through  the  arterial 
and  venous  channels  and  the  heart.  Supposing  the  mean 
length  of  the  arteries  and  veins  to  be,  in  a man  of  average 
stature,  30  inches,  and  the  average  velocity  of  the  blood  in  the 
arteries  to  be  6 inches  per  second  (the  extremes  being  10  and 

inches),  the  time  required  for  the  passage  of  the  blood 
through  the  arteries,  tvould  be  5 second.s,  and  through  the 
corresponding  veins,  the  velocity  in  which  is  estimated  as  being 

to  ^rd  that  of  the  arteries,  the  time  would  be  12-^  seconds, 
making  in  all  17^  seconds,  for  the  circulation  through  the 
systemic  arteries  and  veins.  To  this  must  be  added  a period 
of  3^  seconds,  for  the  passage  of  the  blood  through  the  pulmo- 
nary arteries  and  veins  (the  rate  of  motion  in  them  being  said 
to  be  five  times  more  rapid  than  in  the  systemic  arteries  and 
veins),  making  a total  of  21  seconds.  This,  with  the  3^  seconds 
above  mentioned  as  required  for  the  pulmonary  and  systemic 
capillary  circulations,  equals  24^  seconds,  or  rather  more  than 
the  23T  seconds  allowed  for  the  complete  circulation.  These 
numbers,  though  only  approximating  to  the  truth,  still  show 
that  the  slow  rate  of  the  blood  in  the  capillary  portion  of  the 
circulation,  or  in  the  area  of  nutritive  and  respiratory  inter- 
changes, is  quite  consistent  with  tlie  ascertained  rapidity  of  the 
circulation,  considered  as  a whole. 

The  circulation  of  the  blood  is  said  to  be  generally,  but  not 
always,  accelerated  by  an  increased  frequency  of  the  heart's 
action.  As  life  advances,  it  becomes  slower. 

QuantiUi  of  Blood  in  the  Body. 

The  total  quantity  of  blond  in  the  body,  has  been  the  sub- 
I'ectof  much  inve.stigationand  discussion.  The  estimates  of  the 
older  authors,  for  the  most  part,  were  too  high,  whilst  some  of 
those  of  later  writers,  probably  err  in  the  opposite  direction. 
The  actual  quantitv,  in  a man  of  average  height  and  weight, 
has  been  supposed,  by  some,  to  be  26  or  30  lbs.,  and  by  others 
only  12  lbs.  The  ratio  between  the  weight  of  the  blood  and 
the  weight  of  the  body,  the  blood  included,  has  been  estimated, 
by  some  authors,  as  1 to  4^,  and,  by  others,  as  1 to  13 ; 
according  to  these  proportions,  which  differ  so  widely,  the 
total  quantity  of  blood  in  the  body  of  a man  weighing  150  lbs., 
would  be  either  upwards  of  33  lbs.,  or  only  about  ll^  lbs. 
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Observations  on  the  quantity  of  blood  lost  in  heeniorrhages, 
are  not  considered  trustworthy,  since  in  slow  bleedings,  large 
quantities  of  fluid  are  absorbed  from  the  tissues,  to  refill  the 
emptying  vessels,  and  so  add  largely  to  the  amount  of  blood 
that  may  be  drawn.  The  quantity  of  blood  escaping  from  the 
vessels  in  decapitated  criminals,  added  to  that  which  may  be 
subsequently  expelled  from  the  vessels,  by  cautious  injections 
of  water,  gives  a more  accurate  result.  But  careful  experi- 
ments on  animals,  are  of  most  value.  The  method  of  Herbst, 
which  consists  in  quick  bleeding  from  many  vessels  opened 
simultaneously,  gives  the  proportionate  weight  of  the  blood  to 
that  of  the  body,  as  from  1 to  12  in  the  ox,  1 to  16  in  the  dog, 
and  1 to  24  in  the  rabbit;  hence,  it  would  appear  that  the  larger 
the  animal,  the  greater  is  the  proportion  of  blood  to  the  body. 
Valentin  compared  the  specific  gravity  of  the  blood  drawn  from 
a hving  animal,  before,  and  after,  the  injection  into  its  blood- 
vessels of  a given  weight  of  water,  the  diminution  of  the 
specific  gravity  of  the  blood,  by  that  quantity  of  water,  serving 
as  a factor  in  the  calculation  ; this  method  gives  about  1 to  44- 
as  the  ratio  to  the  body  in  the  dog.  Chemical  substances  easy  of 
detection,  having  been  inj  ected  into  theblood,  in  known  amounts, 
and  the  quantity,  in  a certain  portion  of  the  blood  drawn  fi-om 
the  vessels,  having  been  determined,  data  have  been  obtained  for 
calculating  the  total  quantity  of  the  blood  ; this  method  shows 
a ratio  of  1 to  8 or  9 (Blake).  Welcker’s  chromatic  method 
is  so  called,  because  he  estimates  the  amount  of  blood  left  in 
the  body  after  bleeding,  by  means  of  the  colouring  matter. 
A set  of  standard  coloured  solutions  is  first  prepared,  by 
mixing  a certain  known  quantity  of  the  blood  of  an  animal, 
with  different  known  quantities  of  water.  The  creature  is 
then  bled  rapidly  to  death,  and  the  blood  so  drawn  is  weighed. 
The  residual  blood  in  the  vessels,  is  then  estimated  in  the  fol- 
lowing manner  : — the  vessels  are  washed  out  with  free  injec- 
tions of  water ; the  whole  body  of  the  animal  is  likewise 
divided  into  small  pieces,  and  macerated,  so  as  to  extract  all 
the  cruorin  in  it ; these  aqueous  solutions  are  then  mixed 
together,  and  measured,  and  the  tint  of  the  mixture  is  compared 
with  the  standard  solutions,  and  thus  the  quantity  of  blood 
in  it  is  determined.  In  this  tvay,  the  proportion  of  blood 
to  the  body,  in  the  dog,  is  estimated  at  about  1 to  12. 

The  quantity  of  blood  in  the  body,  has  been  calculated  by 
Vierordt,  by  multiplying  the  quantity  supposed  to  be  expelled 
Ifom  the  left  ventricle  at  each  systole,  by  the  number  of  times 
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the  heart  contracts  during  a complete  circulation  of  the  blood 
through  the  system.  Tlje  mode  in  which  the  latter  datum  is 
obtained,  has  already  been  explained  (p.  258-9)  ; the  former  is 
thus  arrived  at.  The  average  velocity  of  the  blood  in  the 
human  carotid  artery,  is  assumed  to  be  equal  to  that  in  the 
carotid  of  a dog,  and  the  sectional  area  of  the  vessel  being 
known,  it  is  easy  to  determine,  by  multiplying  one  into  the 
other,  the  quantity  of  blood  which  passes  through  any  part  of 
that  artery  in  a second.  Thus  261  milhmetres,  the  velocity 
of  the  current  in  the  carotid  per  second,  x ’63  square  centi- 
metres, the  sectional  area  of  that  vessel,  — 16‘4  cubic  centi- 
mertes,  the  quantity  which  passes  through  a certain  part  of  the 
vessel  in  one  second.  The  quantities  passing  per  second,  in 
the  innominate,  left  subclavian,  arch  of  the  aorta,  and  coro- 
nary arteries  of  the  heart,  are  then  estimated  in  the  same 
way,  the  rate  of  motion  of  the  blood  in  the  aorta  being 
assumed  to  be  ^th  faster  than  it  is  in  the  carotid.  By  these 
steps,  Vierordt  arrives  at  the  conclusion  that  the  quantilv  of 
blood  projected  through  the  orifice  of  the  aorta  from  the  left 
ventricle,  every  second,  is  207  cubic  centimetres,  or  219 
grammes  in  weight,  or  nearly  oz.  av.  But  as  the  heart  beats 
72  times  in  a minute  or  60  seconds,  there  occur  14th  systoles 
in  each  second  of  time ; hence,  the  quantity  of  blood  thro^vn 
into  the  aorta  at  each  systole,  is  about  180  grammes,  or  rather 
more  than  6'3  oz.  (p.  213). 

As  all  the  blood  in  the  body,  must  pass  once  through  the 
aorta,  in  every  complete  circulation  of  that  fluid,  and  as  this 
requires  27'7  systoles  to  accomplish  it,  the  quantity  thrown 
at  each  systole,  or  180  grammes,  x 27-7,  the  number  of 
heart’s  beats,  gives,  for  the  total  quantity  of  blood  in  the  body. 
4,986,  or,  in  romid  numbers,  5,000  grammes,  which  are  equal 
to  about  11  lbs.  av. ; this,  compared  with  the  average  weight 
of  the  body,  taken  by  Yierordt  at  140  lbs.,  is  about  as  1 to 
12'6.  The  jn’oportiou  finally  adopted  by  Yierordt,  as  pre- 
vailina:  throirghout  the  warm-blooded  Yertebrata,  is  1 to  13. 

O O ^ 

Assuming  the  average  weight  of  the  adult  male  to  be  150  lbs., 
the  usual  estimate  of  English  writers,  the  total  quantity  of 
blood  in  the  body,  would  be  about  11-^  lbs.  av.  It  has  been 
found  that  on  bleeding  an  animal  soon  after  feeding,  nearly 
double  the  quantity  of  blood  is  obtained,  as  compared  -with  the 
resnlt  of  bleeding  a similarly  sized  animal  in  a state  of  fasting. 
This  circumstance  may  partly  explain  the  great  differences  in 
the  estimates  above  recorded;  it  also  justifies  the  conclusion 


USES  OF  THE  BLOOD. 


263 


that,  in  certain  conditions  of  the  body,  the  quantity  of  blood 
in  the  human  adult  of  average  weight,  may  be  even  as  much 
as  14  lbs. 

The  quantity  of  blood  thrown  into  the  aorta  at  each  systole, 
which  is  likewise  the  measure  of  the  capacity  of  the  left  ven- 
tricle, is  eqiial  to  about  -g-^th  part  of  the  weight  of  the  body. 
It  would  further  seem  that,  in  warm-blooded  animals  gene- 
rally, the  quantity  of  blood  flowing  through  an  equal  xveight 
of  the  body  in  a given  time,  is  proportional  to  the  frequency 
of  the  heart’s  beats.  Thus,  in  60  seconds,  the  quantities  of 
blood  which  pass  through  1,000  parts  in  weight  of  the  body, 
in  the  horse,  in  Man,  in  the  dog,  rabbit,  and  squirrel,  are, 
respectively,  152,  207,  272,  620,  and  892  parts,  the  fre- 
quency of  the  piilse  in  them  being  55,  72,  96,  220,  and  320. 
The  ratios,  accordingly,  are  all  about  as  3 to  1.  The  more  rapid 
the  heart’s  action,  therefore,  the  quicker  must  be  the  nutritive 
changes  in  the  tissues  of  the  body ; moreover,  as  there  is  no 
evidence  of  the  capillaries  being  relatively  more  numerous  in 
the  smaller  and  quick-pulsed  animals,  the  circulation  through 
their  vessels  must  be  relatively  qiiicker. 

The  Uses  of  the  Blood  and  of  its  Circulation. 

The  blood  itself  is  a highly  complex  fluid,  renewed  from, 
though  not  altogether  formed  out  of,  the  lymph  and  chyle, 
and  perfected,  as  we  shall  hereafter  see,  by  the  aid  of  the  vas- 
cular glands  and  the  respiratory  organs.  One  of  its  offices  is 
evidently  that  of  providing  an  exceedingly  elaborate  material 
for  the  nutrition  of  every  part  of  the  body,  and  for  the  pro- 
duction of  the  various  secretions  which  are  used  in  the 
organism.  The  fluid  character  of  the  blood,  fits  it  for  trans- 
mission through  a vascular  or  circulatory  apparatus,  even 
through  the  finest  vessels  ; and  in  this  circulation  through  the 
body,  by  means  of  such  an  apparatus,  its  proper  nutrient 
materials  are  conveyed  to  all  the  organs  and  tis.sues  of  the 
frame,  into  which  a fluid  plasma  passes  through  the  coats  of 
the  capillaries.  But,  secondly,  besides  furnishing  a constant 
stream  of  nutrient  material,  the  blood  receives,  by  absorption 
into  its  own  current,  refuse  and  effete  matters  from  the  Avhole 
system,  and  subsequently  transports  them  to  proper  excreting 
organs,  by  which  they  are  thrown  out  of  the  body.  Lastly, 
the  dark  venous  blood  receives,  through  the  respiratory  organs, 
a quantity  of  oxygen  from  the  air  inhaled  into  the  lungs,  and 
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transports  this  oxygen  in  the  red  and  arterial  blood,  to  every 
part  of  the  frame,  either  for  its  special  stimulation,  or  for 
combination  with  its  proximate  chemical  constituents,  in  the 
exercise  of  the  functions  of  those  parts  ; the  returning  venous 
blood  brings  back,  amongst  other  oxidised  materials,  carbonic 
acid,  and  conveys  this  to  its  proper  excreting  apparatus,  the 
lungs,  whence  it  is  thrown  off.  The  circulating  organs  in 
animals  are,  therefore,  modified,  in  accordance  with  the  cha- 
racters of  their  respiratory  organs. 


ORGANS  AND  FUNCTION  OF  CIRCULATION  IN  ANIMALS. 

Vertcbrata. — The  Vertebrata  generallj',  like  Man,  have  not  only  a 
perfectly  formed  blood,  containing  coloured  and  colourless  corpuscles, 
hut  they  also  possess  a central  heart  placed  in  a pericardium,  and  con- 
nected with  a completely  closed  system  of  bloodvessels,  consisting  of 
arteries,  capillaries,  and  veins.  In  the  Amphioxus  alone,  there  are  no 
coloured  corpuscles,  and  the  heart  has  no  pericardium.  As  we  have 
seen,  the  Vertebrata  only,  have  a system  of  absorbent  vessels,  which 
empty  themselves  into  the  bloodvessels.  The  size  of  the  red  corpuscles 
in  several  animals  is  given  in  a Table  at  p.  77-8,  vol.  i. 

But  important  peculiarities  exist  in  the  vascular  systems  of  some  of 
the  Vertebrata,  dependent  upon  the  structure  of  their  respiratory  organs. 
Thus,  in  Mammalia,  Birds,  Reptiles,  ai  d Amphibia,  respiration  is 
performed  by  means  of  lungs,  and  hence  they  are  called  pulmonated  or 
air-breathing  Vertebrata.  These  consist  of  two  divisions,  one  including 
Mammalia  and  Birds,  in  which  the  temperature  of  the  blood  is  high,  and 
another,  including  Reptiles  and  the  perfect  Amphibia,  in  which  the 
temperature  of  the  blood  is  low  ; the  former  are  the  warm-bloodUd,  pul- 
mnnated  or  air-breathing,  Vertebrata,  and  the  latter,  the  cold-blooded, 
pulmonated  Vertebrata.  Again,  Fishes  breathe  by  means  of  gills  or 
branchiae,  and  constitute  the  branchiated  or  water-breathing  Vertebrata ; 
they  are  still  more  decidedly  cold  blooded.  In  each  of  these  divisions, 
special  modifications  of  the  circulatory  apparatus  are  met  with,  dependent 
on  differences  in  the  degree,  or  kind,  of  their  respiration.  The  Class 
Amphibia,  contains  animals  which  commence  life  as  aquatic  branchiated 
creatures,  but  which,  in  the  adult  state,  become  pulmonated  ; their  circu- 
latory organs  are  accordingly  modified  during  life,  and  in  a few,  which 
retain,  in  the  adult  condition,  both  giRs  and  lungs,  the  organs  of  circu- 
lation present  a composite  form.  In  all  cases,  a portal  circulation  is 
present. 

In  the  warm-blooded , pulmonated  A’ertebrata,  which  include  the 
Mammalia  and  Birds,  the  heart,  as  in  Man,  consists  of  four  cavities,  two 
auricles,  and  two  ventricles,  a right  auricle  and  ventricle  constituting 
the  right  side,  and  a left  auricle  and  ventricle  forming  the  left  side,  of 
the  heart,  the  two  sides  being  separated  by  a perfect  intervening  septum. 
The  general  distribution  of  the  vessels  is  also  the  same.  All  the  blood 
which  returns  from  the  body  to  the  right  auricle,  is  sent  through  the 
lungs,  by  the  right  ventricle,  and  on  into  the  left  auricle,  before  it  is 
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again  distributed  to  the  body  by  the  left  ventricle.  As  in  the  human 
body,  there  is  a perfect  double  circulation. 

Certain  minor  peculiarities  are  met  with.  Thus,  the  position  of  the 
heart  is  usually  median,  except  in  the  orang-outang,  and  perhaps  in 
other  Anthropoid  apes,  in  which  it  inclines  to  the  left  side,  as  in  Man. 
In  many  Eumiuants,  a bony  structure,  the  bone  of  the  heart,  strengthens 
the  base  of  the  ventricular  septum.  In  the  dugong,  the  apex  of  the 
heart  is  deeply  notched,  the  ventricles  being  there  separate;  in  the 
manatee,  it  is  less  notched. 

' In  Man,  and  the  higher  Mammalia,  the  chief  arteries  spring  from  the 
arch  of  the  aorta,  unsymraetrically — an  arrangement  said  to  favour  the 
distribution  of  blood  to  the  right  fore  limbs,  rather  than  to  the  left ; but 
in  the  lower  Mammalia,  the  branches  arise  symmetrically.  In  the  hind 
part  of  the  tail  of  the  whale,  the  caudal  artery  runs,  for  purposes  of 
protection,  through  the  base  of  the  echelon  bones,  on  the  under  side  of 
the  vertebrae.  In  many  climbing  lemurs,  in  the  lion,  and  other  large 
Carnivora,  the  brachial  artery  of  the  arm  passes  through  an  opening  in 
the  humerus,  and  thus  is  protected  from  muscular  pressure : so  also 
does  the  artery  of  the  coffin  bone,  or  hoof  bone,  in  the  horse. 

A cluster  of  closely  ramified  arterial  vessels,  which  frequently  anas- 
tomose together,  and  again  coalesce  into  a single  trunk,  is  named  a rete 
mirabile.  Examples  of  such  retia  mirabilia  occur  in  the  carotid  arteries 
within  the  cranium  of  the  Euminants,  the  effect  of  which  may  be  to 
check  the  too  rapid  flow  of  blood  to  the  brain,  during  grazing.  Similar 
structures  are  found  in  the  fore  limbs  of  the  climbing  sloths,  and  lemurs. 
In  diring  animals,  such  as  the  Cetacea,  large  retia  mirabilia  exist  in  the 
thorax,  the  object  of  which  is  probably  to  allow  the  prolonged  sus- 
pension of  respiration  during  the  submergence  of  those  animals. 

In  the  higher  Mammalia,  as  in  Man,  there  is  but  one  superior  vena 
cava ; but  in  the  Pachydermata  and  Eodentia,  there  are  two  superior 
venje  eavse,  and  sometimes  a cross  branch  between  them,  in  the  neck. 
Suppose  an  enlargement  of  this  cross  branch,  so  as  to  form  a left  inno- 
minate vein,  the  blood  from  the  left  side  of  the  head  and  neck  and  the 
left  upper  limb,  would  pass  over  to  the  right  side,  whilst  the  trunk  of 
the  left  vena  cava  might  then  be  obliterated,  as  far  as  the  heart.  In 
certain  diving  Mammalia,  venous  'plexuses,  or  venous  retia  mirabilia,  exist, 
in  which  the  impure  blood  is  for  a time  retained.  The  poi’tal  system,  in 
the  Mammalia,  is  entirely  unconnected  with  the  renal  veins:  sometimes 
the  portal  veins  have  valves. 

In  Birds,  the  heart  is  very  strong,  and  lies  exactly  in  the  middle  line  ; 
moreover,  the  chief  branches  from  the  arch  of  the  aorta,  are  also  sym- 
metrical, in  accordance  with  the  equal  bilateral  development,  so  important 
and  typical  in  Birds.  The  veins  in  Birds,  have  relatively  fewer  valves  ; 
the  portal  system  communicates,  by  a few  branches,  with  the  renal  veins; 
moreover,  the  veins  of  the  pelvis  and  lower  limbs,  likewise  contribute 
branches  to  it. 

In  the  cold-blooded, pulmonated  Vertcbrata,yr\\\ch  comprise  the  Eeptiles, 
and  the  perfect  Amphibia,  the  heart  is  reduced  to  three  cavities ; viz. 
two  auricles  and  one  ventricle.  One  auricle,  the  right  and  larger  one, 
receives  blood  from  the  system  ; the  other,  the  left,  usually  smaller*, 
receives  blood  from  the  lungs  ; both  discharge  their  contents  into  the 
common  ventricle,  which  thus  receives  a mixture  of  dark  venous  blood 
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from  the  system,  and  bright  arterial  blood  from  the  lungs.  From  the 
single  ventricle,  there  proceed,  in  the  Eeptilia,  a distinct  aortic  and 
pulmonary  trunk,  but  in  the  Amphibia,  only  a single  arterial  trunk 
exists,  from  which  the  pulmonary  arteries  take  their  origin ; in  either 
case,  a part  of  the  mixed  ventricular  blood  again  passes  through  the 
lungs,  whilst  most  of  it  is  propelled  through  the  body.  The  blood  is  no 
longer  entirely  sent  through  the  lungs,  before  it  is  distributed  to  the 
body  again,  as  happens  in  the  warm-blooded  Birds  and  Mammals,  which 
possess  a perfect  double  circulation ; on  the  contrary',  a more  or  less 
mixed  blood  goes  to  the  lungs,  and  a more  or  less  mixed  blood  to  the 
body.  The  pulmonary  and  systemic  circulations  are  not  wholly  distinct, 
but  meet  in  the  common  ventricle  ; the  circulation  is  not  completely 
double.  In  the  highest  Reptiles,  the  Saurians,  which  approach  the  Birds 
in  so  many  parts  of  their  organisation,  there  exists,  however,  a partial 
ventricular  septum,  which,  in  the  crocodiles,  is  said  sometimes  to  be  even 
complete.  The  outwardly  single  ventricle  always  gives  off  two  arterial 
trunks,  and  the  internal  septum  is  so  placed,  that  it  serves  to  direct  the 
dark  systemic  venous  blood  entering  from  the  right  auricle,  chiefly  into  the 
pulmonary  arterial  trunk,  whilst  it  turns  the  current  of  red  arterialised 
blood  coming  through  the  left  amide  from  the  limgs,  towards  the  aortic 
or  systemic  arterial  trunk.  In  these  animals,  then,  the  circulation 
approaches  closely  to  the  character  of  the  double  circulation  in  Birds  and 
Mammals ; but  the  imperfect  structure  of  the  ventricular  septum  may 
permit  a certain  amount  of  intermixture  of  the  two  kinds  of  blood  in 
that  cavity.  The  right  or  anterior  portion  of  the  ventricle,  which  is 
connected  with  the  pulmonary  arterj-,  has  thinner  walls  than  the  left 
or  posterior  portion,  which  is  connected  with  the  aorta.  In  the  Chelonia 
and  Ophidia,  a less  perfect  septum  also  exists,  but  it  gradually  becomes 
smaller,  and  therefore  less  able  to  separate  the  two  currents  of  blood,  or 
to  guide  these  in  special  directions.  In  the  perfect  adult  Amphibia,  the 
single  ventricle  has  either  only  slight  traces  of  a septum,  or.  more  com- 
monly, no  septum  whatever  ; the  single  arterial  trunk,  proceeding  from 
it,  is  sometimes  named  the  arterial  bulb,  or  bulbus  arteriosus.  Even 
the  auricular  septum  is  imperfect  in  the  Proteus. 

The  arrangement  of  the  branches  of  the  aorta,  in  these  cold-blooded 
pulmonated  Vertebrata,  is  also  peculiar.  In  Man  and  Mammalia,  the 
single  aortic  arch  bends  over  the  root  of  the  left  lung,  and  continues  on 
as  the  abdominal  aorta.  In  Birds,  the  arch  of  the  aorta  turns  down  over 
the  root  of  the  right  lung,  to  become  the  abdominal  aorta.  In  the  higher 
Reptiles,  two  aortic  arches  exist,  one  on  each  side,  forming  a right  and 
left  aortic  arch,  which  descend  over  the  roots  of  the  corresponding  lungs, 
and  join  together,  somewhere  in  front  of  the  vertebral  column,  to  form 
the  abdominal  aorta.  Of  these,  the  right  aortic  arch,  the  only  one 
present  in  Bu’ds,  is  larger  than  the  left,  and  evidently  forms  the  proper 
systemic  arteiy ; for  it  gives  off  the  arteries  to  the  head,  neck,  and  upper 
limbs,  which  parts  aceordinglj'  receive  almost  entirely  red  blood,  which  is 
directed  into  the  aorta,  as  already  mentioned,  by  the  ventricular  septum. 
On  the  other  hand,  the  left  aortic  arch  is  small,  is  joined  by  a short  trunk 
to  the  pulmonary  artery,  which  springs  from  the  other  side  of  the  septum, 
and  from  it  receives  dark  blood ; hence  it  follows  that  the  abdominal 
aorta,  formed  by  the  coalescence  of  the  right  and  left  aortic  arches, 
carries  mixed  blood  to  the  posterior  part  of  the  trunk,  and  the  hind  limbs. 
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In  the  lower  Reptiles,  three  aortic  arches  exist  on  each  side ; the  upper 
pair  give  otf  the  vessels  of  the  head  and  neck,  the  lower  pair  give  origin 
to  the  pulmonary  arteries,  and  all  combine,  by  short  branches,  into  two 
descending  trunks,  which  unite  to  form  the  abdominal  aorta.  Here, 
also,  a more  perfectly  oxygenated  blood  is  provided  for  the  anterior,  or 
more  important  part  of  the  animal,  a less  perfectly  oxygenated  blood,  for 
the  hinder  part. 

A piortal  circulation  exists  in  both  Reptiles  and  Amphibia  ; it  is  con- 
nected with  the  renal  veins,  which  also  exhibit  a renal  portal  system  ; 
i.e.  a set  of  veins,  which  convey  blood  into  the  kidney.s  for  distribution  in 
their  interior.  The  condition  of  the  organs  of  circulation  in  the  young 
or  immature  Amphibia,  will  be  best  understood  after  that  of  Fishes  has 
. been  described. 

i The  cold-blooded,  hranchiated  Vertehrata,  or  Fishes,  have  no  lungs ; 
those  organs  being  represented,  however,  in  a few  species,  by  the  so-called 
I air-bladder,  an  appendage,  usually,  of  the  pharyngeal  part  of  the  ali- 
> mentiiry  canal.  The  heart  is  now  simplified  by  the  suppression  of  the  left 
am’icle,  there  being  no  pulmonary  veins  to  end  in  it ; the  ventricle  also  is 
I single,  as  in  the  Amphibia  and  Reptiles,  but  it  never  presents  any  trace 
: of  an  internal  septum.  There  remain,  therefore,  but  a single  auricle 
i and  a single  ventricle.  The  auricle,  like  the  right  auricle  in  other  cases, 
i receives  the  dark  venous  blood  from  the  body,  and  transmits  it,  through 
; an  orifice  provided  with  valves,  into  the  ventricle.  This  is  very  mus- 
cular, and  propels  the  blood,  not  into  the  lungs,  for  there  are  none,  nor 
■ directly  into  a systemic  arterial  trunk,  or  aorta,  for  immediate  distri- 
bution through  the  body  generally ; but,  on  the  contrary,  the  single 
ventricle  sends  it  into  a short  trunk,  called  the  arterial  bidb,  which 
, has  valves  at  its  root,  and,  in  a few  examples,  is  even  partially  divided 
into  two.  From  this  bulb,  a series  of  arched  vessels,  usually  five,  some- 
times four,  in  number,  proceed  upwards,  supported  on  the  cartilaginous 
branchial  arches,  and  convey  the  blood,  through  the  branchial  artei’ies, 

I into  the  gills,  in  which  it  passes  through  capiillary  vessels,  and  is  then 
collected  by  the  branchial  veins ; these  running  towards  the  vertebral 
'column,  unite  together  on  the  dorsal  aspect  of  the  alimentary  canal,  to 
form  a single  systemic  arterial  trunk,  which  corresponds,  in  function,  with 
the  aorta  of  the  higher  Vertehrata.  From  this,  branches  are  given  off  to 
all  parts  of  the  body,  excepting  the  gills  and  generall}’.  if  not  always, 

‘ certain  parts  of  the  head,  which  are,  singularly  enough,  supplied  by  special 
branches  proceeding  at  once  from  the  branchial  veins.  From  the  body 
generally,  the  blood  is  brought  back,  by  the  systemic  veins,  to  the  single 
amide.  In  the  Fish,  therefore,  all  the  blood  which  retiums  from  the  body 
to  the  heart,  is  sent  first  through  the  respiratory  or  oxygenating  organs, 
before  it  re-enters  the  system ; the  respiratory  apparatus  is  so  interposed 
that  it  forms  a part  of  the  general  circulation,  the  branchial  circulation 
' being  continued  on  to  the  systemic  circulation,  without  the  blood  coming 
back  to  the  heart  between  them.  Hence  the  circulation  in  the  bran- 
chiated  Fish,  is  said  to  be  single,  as  distinguished  from  the  imperfectly 
double  circulation  of  the  cold-blooded,  and  the  completely  double  circula- 
tion of  the  warm-blooded,  pulmonated  Vertehrata.  The  heart  of  the 
Fish,  is  also  said  to  be  a branchial  and  not  a systemic  heart,  because  its 
1 immediate  work  is  to  force  the  blood  into  the  branchiae  or  gills.  No 
! special  contractile  apparatus  exists  beyond  the  gills,  to  accomplish  the 
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circulation  througli  the  body — a fact  -which  has  already  been  adduced 
(p.  213),  to  sho-w  that  the  heart’s  action  is  adequate  to  drive  the  blood 
tlirough  the  systemic  circulation  of  Man,  and  the  pulmonated  Mammalia. 
In  the  caudal  veins  of  the  eel,  however,  as  already  mentioned,  there 
exists  a pulsating  portion,  named  a venous  heart,  which  undoubted!}' 
assists  in  the  return  of  the  venous  blood  to  the  distant  j>roptr  heart. 
Its  presence  may  be  connected  with  the  unusual  length  of  the  systemic 
vessels  in  this  part  of  the  eel ; but  even  here,  the  heart  propels  the 
blood  through  the  vessels  of  the  gills,  and  afterwards  through  the 
systemic  arteries  and  capillaries.  Pulsating  dilatations  are  likewise 
found  in  the  arteries  of  the  pectoral  fins  of  the  torpedo  and  chimara, 
and  in  the  portal  vein  of  the  myxine. 

In  Fishes,  as  in  other  Vertebrata,  a portal  system  of  veins  exists ; 
it  is  composed  not  only  of  the  veins  from  the  digestive  organs,  but 
also  of  those  from  the  other  viscera  in  the  posterior  part  of  the  abdomen, 
and  like^vise  of  some  of  those  from  the  hinder  part  of  the  body.  The 
venous  trunks  thus  formed,  conduct  blood  to  the  kidneys  as  well  as  to 
the  liver,  so  that,  in  Fishes,  both  these  glands  receive  venous  blood. 
After  being  distributed  through  them,  the  blood  is  returned  to  the  heart, 
by  proper  hepatic  and  renal  veins,  which  open  into  the  vena  cava  in- 
ferior. Retia  mirabilia,  both  arterial  and  venous,  exist  in  cerhiin 
Fishes,  on  the  swimming  bladder,  in  the  eyes,  and  in  the  neighbourhocd 
of  the  gills  and  the  intestines. 

Since  all  the  blood  of  Fishes,  after  its  ret-urn  from  the  body,  passes 
through  the  respiratory  organs,  before  it  again  proceeds  to  the  body,  it 
might  be  inferred  that  the  respiration  must  be  more  complete  in  them 
than  in  the  Reptiles,  in  which  only  a portion  of  the  venous  blood  is 
transmitted  to  the  respiratory  organs,  whilst  some  is  distributed  to  the 
body  again.  But  in  Fishes,  the  respiratory  process  itself  is  less  active 
than  it  is  in  Reptiles,  being  aquatic,  instead  of  aerial.  As  the  heart  in 
the  Fish,  is  a branchial  or  respiratory  heart,  its  single  auricle  and  ven- 
tricle have  been  supposed  to  be  homologous  -with  the  right  auricle  and 
ventricle,  or  respiratory  heart,  of  the  Bird  and  Mammal.  This  view,  how- 
ever, is  only  partially  correct ; for  though  the  auricle  in  the  Fish's  heart, 
is  homologous  with  the  right  auricle  of  the  more  perfectly  formed  Mam- 
malian or  Avian  heart,  and  therefore  respiratory,  the  single  ventricle 
represents  both  ventricles  of  the  heart  of  the  warm-blooded  Vertebrata, 
and,  indeed,  rather  the  left  than  the  right  ventricle.  In  the  Fish,  the 
branchial  vessels  given  off  from  the  arches,  which  proceed  from  the  bulbus 
arteriosus,  end  in  the  systemic  arterial  trunk,  and  the  branchiae  and  their 
vessels,  may  therefore  be  regarded  as  organs  interposed  in  the  systemic 
circulation.  In  the  pulmonated  Vertebrata,  on  the  contrary,  the  pul- 
monary arteries  enter  the  lungs,  from  which  the  blood  is  returned  throu<rh 
pulmonary  veins,  and  these  latter  do  not  unite  to  form  an  artery,  but 
re-enter  the  auricular  portion  of  the  heart ; so  that  the  pulmonary  system 
is  not,  like,  the  branchial  system,  continuous  with,  or  a portion  of,  the 
systemic,  but  altogether  a special  circulation. 

The  Ampliibia  begin  life  as  aquatic  branchiated  animals,  but  most  of 
them,  in  their  mature  state,  lose  their  gills  and  acquire  lungs,  so  as  to 
become  pulmonated,  and  air-breathing.  In  this  metamorphosis,  not 
only  transitions  occur  in  the  respiratory  organs  from  the  Piscine  to  the 
Reptilian  condition,  but  also  simultaneous  adaptations  of  the  circulating 
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i STstem.  The  differences  in  the  mode  of  respiration,  and  in  the  character 
*,  of  the  circulation,  -which  are  observed  between  two  great  Classes  of  the 
A^ertebrata,  viz.  Fishes  and  Eeptiles,  are  exactly  paralleled  by  the  differ- 
; enees  met  with  in  the  immature  and  mature  respiratory  and  circulatory 
[organs,  in  an  individual  Amphibian ; and  the  progressive  steps -uhich 
j lead  from  one  state  to  the  other,  can  be  seen  in  the  evolution  of  a single 
I animal.  These  changes  maybe  traced  in  the  frog,  or  in  the  salamander. 

) In  the  tadpole  of  the  former,  external  branched  gills  first  appear,  but 
I soon  become  absorbed,  and  are  succeeded  by  internal  laminated  gills, 

I resembling  those  of  the  Fish.  In  this  condition,  the  heart,  composed  of  a 
single  auricle  and  ventricle,  receives  the  blood  from  the  body,  and  pro- 
pels it  into  a bulbus  arteriosus,  and  thence,  by  three  lateral  symmetrical 
■ branches,  or  branchial  arterial  arches,  into  the  gills  ; after  passing  through 
capillary  vessels,  it  is  collected  by  the  branchial  veins,  from  the  foremost 
of  which  the  arteries  of  the  head  are  given  off;  these  veins,  but  chiefly 
; the  second  and  third,  combine  to  form  the  systemic  artery  or  descending 
I aorta,  which  conveys  the  blood  into  the  rest  of  the  body,  -whence  it  is 
: again  returned  by  the  veins,  to  the  single  auricle.  This  form  of  circula- 
tion is  truly  Fish-like  ; but  at  the  base  of  each  branchial  lamina,  a minute 
i vessel  runs  directly  from  each  branchial  arterial  arch,  to  the  com- 
mencement of  the  descending  aorta  ; as  development  goes  on,  more 
blood  passes  through  these  communicating  vessels,  directly  from  the 
bulb  into  the  descending  aorta,  -without  traversing  the  vessels  of  the 
gills ; still  later,  the  gills  themselves  diminish,  and  more  and  more 
blood  passes  through  these  little  arched  vessels  at  their  base  ; finally, 
the  gills  and  their  vessels,  being  the  one  atrophied,  and  the  other 
obliterated,  the  -whole  of  the  blood  proceeding  from  the  ventricle  through 
the  arterial  bulb,  traverses  these  enlarged  sjmmetrical  communicating 
vascular  arches,  and  so  reaches  the  descending  aorta.  In  the  meantime, 
from  the  lowermost  vascular  arch,  on  each  side,  there  has  been  de- 
veloped a little  vessel,  which  ramifies  on  the  walls  of  a small  sac,  or 
rudimentary  lung ; and  as  these  organs  are  gradually  enlarged,  the  vessels 
in  question  gro-u',  and  form  the  pulmonary  arteries.  By  these,  one  por- 
tion of  the  blood  from  the  single  ventricle,  is  carried  to  the  newly  evolved 
respiratory  organs,  the  air-breathing  lungs  ; whilst  the  rest  is  conveyed 
through  the  remaining  vascular  arches,  now  reduced  to  two  in  number 
on  each  side,  partly  into  the  arteries  of  the  head  and  neck,  but  chiefly 
into  the  aorta,  and  the  body  generally.  Lastly,  the  blood  returning 
from  the  lungs,  enters  a small  superadded  auricle,  or  left  auricle,  -which 
becomes  parted  off  from  the  right;  -whilst  the  blood  which  returns  from 
the  body,  enters  the  ordinary  right  auricle.  Thus  is  established 
an  incomplete  double  circulation,  precisely  the  form  met  with  in 
the  lower  Eeptiles.  In  passing  to  the  higher  Eeptiles,  the  essential 
change  consists  in  the  gradual  rising  up  of  a septum  -within  the  single 
ventricular  cavity,  by  which  it  becomes  more  and  more  completely 
divided  into  two  chambers,  as  seen  in  the  Sam’ians,  and  especially  in  the 
crocodile.  This  change,  when  quite  complete,  and  constant,  produces 
the  perfectly  divided  ventricles,  with  their  entirely  separate  pulmonary 
and  systemic  arterial  trunks,  as  found  in  the  heart  of  the  Bird  and 
Mammal.  Thus  are  formed  the  four-chambered  heart  and  the  completely 
double  circulation. 

Similar  changes,  in  the  heart  and  great  vessels,  occur  in  the  young 
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newt  or  water  salamander  ; but  the  external  gills  not  being  transitory, 
or  giving  place  to  internal  gills,  as  in  tbe  tadpole  of  the  frog,  remain 
throughout  the  larval  condition,  becoming,  at  one  time,  very  large  and 
plumose.  Like  the  internal  gills  of  the  tadpole,  they  receive  vessels 
from  the  bulbus  arteriosus,  and,  as  in  them,  their  disappearance  is  asso- 
ciated with  the  same  changes  in  the  future  distribution  of  the  blood, 
which  is  henceforth  sent  partly  to  the  lungs,  but  chiefly  to  the  body. 

Certain  of  the  Amphibia  possess,  in  their  mature  condition,  both  kinds 
of  respirator3^  organs,  viz.  external  gills  and  lungs,  and  are  hence  named 
Peremii-braiichiata.  In  these,  as  in  the  Proteus,  the  condition  of  the 
circulation  corresponds  with  that  found  in  the  intermediate  stages  of  the 
larval  condition  of  the  newt.  Three  anterior  arches  from  the  bulb, 
supply  the  branchial  arteries,  and  a fourth  gives  a vessel,  which  becomes 
the  pulmonary  artery  of  its  own  side  ; the  pulmonary  veins  end  in  a 
rudimentary  left  aiu-icle,  and  the  systemic  veins  in  a right  auricle  ; the 
ventricle  is  single,  and  gives  otf  the  bulbus  arteriosus,  from  which  arise 
the  vascular  arches  just  mentioned. 

In  the  somewhat  anomalous  Fish,  the  Lepidosiren,  or  mud-fish  of  the 
Gambia,  a remarkable  approximation  is  shown  towards  the  perenni- 
branchiate  amphibian  form  of  respiration  and  circulation.  It  has  six 
pairs  of  branchial  vascular  arches ; of  these,  the  first,  fourth,  fifth,  and  sixth 
supply  the  branchiae,  which  are  filamentous,  but  not  external,  like  the 
permanent  gills  of  the  lower  Amphibia.  The  second  and  third  pairs, 
pass  as  simple  channels  into  the  descending  aorta,  and  also  give  oflf 
branches  which  unite  to  form  a single  pulmonary  artery,  distributed  to 
the  largely'  developed  cellulated  air-bladder.  The  single  pulmonary 
vein  ends  in  the  sinus  of  the  inferior  vena  cava. 

The  preceding  descriptions  indicate  a unity  of  plan  in  the  circulating 
organs  of  the  Vertebrate  series  of  animals,  as  marked  as  that  which 
may  be  traced  in  their  skeleton  and  nervous  system — gradual  modifica- 
tions of  this  plan  being  manifested  in  ascending  from  the  lower  to  the 
higher  animals. 

In  the  Amphioxus,  the  lowest  Fish,  and  therefore  the  lowest  V ertebrate 
animal,  the  circulating  system  retains  its  Vertebrate  type  in  the 
arrangement  of  the  principal  vessels ; but  it  presents  the  singular  ano- 
maly of  not  having  a single  central  heart,  but  possessing  instead, 
numerous  contractile  cavities  situated  in  the  coirrse  of  the  chief  blood- 
vessels. Beneath  the  complex  branchial  chamber,  is  a contractile  vessel, 
or  bulb,  performing  the  office  of  a ventricle : from  this,  as  many  as 
fifty  pairs  of  branchial  arterial  arches  arise,  at  the  root  of  each  of  which, 
is  a contractile  dilatation.  These  numerous  branchial  arteries,  of  which 
the  anterior  ones  are  themselves  contractile,  end, as  usual,  in  the  branchial 
veins,  which  are  equally  numerous,  and  combine  together  to  form  the 
proper  descending  aorta,  which  is  placed  immediately  beneath  the  chorda 
dorsalis.  The  foremost  vascular  arch,  the  duct  of  Botal,  joins  the  aorta, 
without  supplying  branches  to  a branchial  fringe.  The  aorta  distributes 
branches  to  all  parts  of  the  body,  the  veins  from  which  ultimately  unite 
to  form  two  venous  trunks,  one  a portal  vein,  a part  of  which  is  dilated 
and  contractile,  and  another  which  represents  the  vena  cava  inferior,  on 
which  is  found  a contractile  sinus,  pulsating  rhythmically,  and  projielling 
the  blood  forwards  into  the  rudimentary  ventricle  already  described. 
The  great  number  and  wide  distribution  of  rhytlunically  contractile 


THE  CIRCULATION  IN  NON-YERTEBRATA. 


271 


cavities  in  the  circulating  system  of  the  Amphioxus,  suggest  a com- 
parison -with  the  multiple  hearts,  or  pulsating  chambers,  seen  in  certain 
Molluscous  and  Annulose  animals.  Its  blood  also  contains  only  colom-- 
less  corpuscles. 

In  the  Non-vertebrate  animals,  the  blood,  and  the  organs  of  its  circu- 
lation, whei’e  they  exist,  are  peculiar,  and  distinguished  from  the  same 
parts  in  the  Vertebrata.  The  blood,  in  the  higher  forms  of  these  animals, 
is  corpusculated,  but  its  corpuscles  are  not  smooth  and  coloured  with 
cruorin,  like  the  red  corpuscles  of  the  Vertebrata,  but,  even  when  the 
blood  itself  is  tinged,  they  are  usually  colourless  and  granular,  like  the 
white  blood  corpuscles  and  lymph  corprrseles  of  the  Vertebrata,  Some- 
times, however,  they  are  flattened,  discoid,  or  even  angular ; and  occa- 
sionally they  have  a bluish  or  greenish  tint.  In  the  simplest  of  these 
animals,  the  blood  contains  only  granules. 

This  common  nutritive  fluid,  or  blood,  has,  indeed,  been  regarded  by  some 
as  corresponding  rather  with  the  lympih,  and  the  vessels,  in  which  it  cir- 
culates, as  homologous  rather  with  the  l}miphatic  system  of  the  Verte- 
brata, It  is  certain  that  no  other  vessels  corresponding  with  lympha- 
tics, exist  in  the  Non-vertebrate  animals  ; and  no  lymphatics  have  been 
detected  in  the  Amphioxus,  which  has  only  colourless  corpuscles.  The 
vessels  in  which  it  circulates,  present  this  great  peculiarity  as  contrasted 
with  the  circulating  apparatus  of  the  Vertebrata,  that  they  no  longer 
form  a continuous  series  of  well-defined  tubes,  or  true  bloodvessels  ; 
but,  even  in  the  highest  forms,  and,  to  a still  greater  degree,  in  the  lowest 
forms,  the  blood  passes  from  such  definite  vessels  into  spaces  lying,  as 
it  were,  between  the  viscera  and  tissues  of  the  body,  furnished  doubtless 
with  a lining  membrane,  but  not  having  otherwise  distinct  walls  or 
coats.  In  the  higher  of  these  animals,  these  spaces  form  spongy  recesses, 
sinuses,  or  lacimm,  and  in  the  lower  forms,  merely  fcri-visceral  or  inter- 
visceral  spaces. 

Connected  with  the  true  vessels,  in  many  of  the  higher  forms,  there 
are  found  one  or  more  rhythmically  pulsating  contractile  cavities,  which 
are  therefore  called  hearts  ; sometimes  these  are  unilocular  or  ventricular, 
sometimes  bilocular,  or  auricular  and  ventricular ; sometimes  they  are 
multilocular.  One  of  these  hearts  only  can  be  regarded  as  homologous 
with  the  heart  of  the  Vertebrata,  in  some  of  wdiich  animals,  as  in  the  bat, 
the  eel,  torpedo,  myxine,  and  amphioxus,  for  example,  portions  of  the 
venous  system  are  also  pulsatile.  Pulsating  cavities  also  exist,  as  we 
have  seen,  in  certain  Eeptiles,  Amphibia,  and  Pishes,  in  connection  with 
the  lymphatic  system,  viz.  the  lymphatic  hearts. 

When  the  heart  in  a Non-vertebrate  animal  is  single,  it  is,  as  a rule, 
placed  on  the  dorsal  aspect  of  the  body,  i.e.  on  the  surface  opposite  to 
the  one  upon  which  the  nervous  axis  is  found  ; it  is,  moreover,  systemic, 
or  sends  the  blood  to  the  various  parts  of  the  body,  including  the  liver, 
aud  not  to  the  respiratory  organs,  which  only  receive  the  blood  as  it  is 
returning  from  the  body  to  the  heart.  This  is  the  reverse  of  the  arrange- 
ment met  with  in  Fishes,  in  which  the  heart  is  respiratory.  In  the  Fish, 
the  heart  receives  and  transmits  deoxygenated  blood,  whilst  in  the  Non- 
vertebrate animal  it  receives  and  transmits  an  oxygenated  fluid.  When 
the  heart  is  bilocular,  it  is  constricted  externally,  and  presents  a delicate 
projecting  border  or  valve  between  the  auricle  and  ventricle.  When  the 
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heart  is  multiple,  the  supernumerary  ones  are  always  simple  or  respi- 
ratory, and  are  placed  upon  the  veins  near  the  respiratory  organs,  any 
modifications  of  which,  as  in  the  Vertehrata,  necessitate  changes  in  the 
arrangements  of  the  vascular  system.  A portal  venous  system  never  exists, 
the  liver  being  always  supplied  by  the  systemic  arteries.  The  vessels 
are  named  arteries  and  veins,  according  to  the  direction  of  the  current 
within  them,  and  not  from  their  structure ; for  distinct  coats,  like  those 
of  the  arteries  in  the  Vertehrata,  are  not  recognisable.  Though  extremely 
delicate  valves  are  present  in  the  heart,  they  are  not  found  so  regularly 
disposed  in  the  veins,  as  in  the  Vertehrata.  Sometimes,  a pericardium 
exists.  True  capillaries,  provided  wdth  distinct  walls,  and  intermediate 
between  the  finest  arteries  and  the  finest  veins,  have  not  been  demon- 
strated, and  in  most  instances  are  certainl}'  absent ; but,  the  arteries 
pour  out  the  circulating  corpusculated  fluid,  into  lacuns,  or  interstices, 
Ijet^veen  the  organs  or  elements  of  the  tissues,  from  which  it  is  collected 
into  venous  sinuses  and  trunks. 

MoUusca. — The  most  perfect  condition  of  the  circulatory  system,  in 
the  Non-vertebrate  animals,  is  metwdthin  this  Sub-kingdom,  and  in  the 
Class  Ccphalopods.  In  the  cuttle-fish,  for  example,  there  is  found  a 
systemic  ventricular  heart,  provided  uith  valves  at  its  orifice  ; it  is 
usually  rounded,  has  strong  muscular  walls,  and  even  internal  column® 
carnese.  Arteries  proceed  from  it  to  all  parts  of  the  liody,  excepting  to 
the  branchiae  or  gills,  the  liver  even  receiving  branches.  The  blood  is 
returned  into  a large  vein,  or  venous  sinus,  which  is  surrounded  by  a 
remarkable  cellular  organ  filled  with  blood,  and  from  which  symmetrical 
lateral  branches,  two  or  four  in  number,  according  to  the  number  of  the 
gills,  proceed  to  those  organs,  each  presenting,  as  it  enters  the  giU,  a 
pulsating  dilatation,  or  so-called  branchial  heart,  which  helps  to  propel 
the  blood  through  the  gills.  From  the  gills,  the  blood  is  returned  into 
large  venous  sinuses,  which,  being  contractile,  act  as  auricles,  and  thence 
passes  into  the  ventricular  sj^stemic  heart  already  described.  In  the 
Pteropods  and  in  the  Gasteropods,  there  is  but  a single  heart,  which  is 
always  systemic,  distributing  its  contents  by  one  arterial  trunk  and 
numerous  branches,  to  the  body  and  liver,  from  which,  having  passed 
through  lacuna  or  spaces,  it  is  again  collected  bj’  veins,  and  by  them 
conveyed  to  the  respiiratory  organs ; from  these,  it  is  collected  by  other 
canals,  the  branchio-cardiac  veins,  and  is  so  brought  to  the  heart  again. 
In  the  terrestrial  Pulmogasteropods,  as  in  Helix,  the  venous  blood  from 
the  bod}',  passes  through  small  vessels  on  the  walls  of  the  pulmonar}' 
air  sac,  and  is  then  collected  into  a larger  vessel,  which  conveys  it  to 
the  heart ; whilst  in  the  aqu.atio  Branchiogasteropods,  as  in  Doris,  the 
blood  returning  from  the  body,  is  carried,  by  special  vessels,  into  the 
gills,  and  is  then  conveyed,  by  other  vessels,  back  to  the  heart.  In  both 
kinds  of  Gasteropods,  the  heart  consists  of  an  auricle  and  ventricle, 
between  which  there  is  found  a distinct  but  minute  valve,  which  serves 
accurately  to  direct  the  course  of  the  circulating  fluid.  In  the  Lamelli- 
branchiata,  the  heart,  usually  single,  but  sometimes  double,  in  correspon- 
dence with  the  bilateral  arrangement  of  the  jiarts  of  the  body  of  these 
animals,  and  often  perforated  by  the  intestine,  is  placed  in  a pericardium, 
situated  near  the  adductor  muscle,  which  closes  the  shell ; when  single, 
it  has  sometimes  one  and  sometimes  two  auricles,  connected  with  its 
simple  ventricle ; when  the  heart  is  double,  each  has  only  one  auricle. 
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Molhiscoida. — In  these  animals,  the  circiilatory  organs  become  still 
more  simple,  or  even  disappear.  Thus,  in  the  Ascidioida  or  Tunicata, 
although  the  bloodvessels,  or  blood  sinuses,  are  very  complex  on  the 
walls  of  the  peculiar  respiratory  atrium,  the  heart  itself  has  no  valves 
between  its  dilated  parts  or  chambers,  and  the  blood  is  propelled  b}' 
opposite  peristaltic  actions,  sep>arated  by  an  interval  or  pause,  first  in 
one  direction  and  then  in  the  other ; lienee  the  heart  is  sometimes 
systemic  and  sometimes  respiratory,  and  each  chamber  is  sometimes 
aiu’icular  and  sometimes  ventricular  in  function.  In  the  compound 
Ascidioida,  it  is  stated  that  the  vessels  of  one  animal,  are  connected 
through  the  footstalk  or  common  “ stolon,”  with  those  of  the  others 
belonging  to  the  same  cluster.  In  the  Brachiopoda,  there  is  still  a 
proper  simple  heart,  sometimes,  it  is  said,  two ; but  the  circulating 
system  is  considerably  reduced  in  extent : the  numerous  contractile 
cavities  found  in  these  animals,  have  not  been  proved  to  have  any  con- 
nection with  the  blood  system,  but  rather  to  be  comparable  with  the 
atrium  of  the  Tunicata.  Lastly,  in  the  Polyzoa,  neither  a contractile 
heart,  nor  even  vessels,  have  yet  been  detected ; in  these  soft  delicate 
animals,  the  nutritive  fluids  are  supposed  to  permeate  the  walls  of  the 
alimentary  canal  into  the  perivisceral  spaces,  and  thence  to  penetrate 
every  part  of  the  body. 

Annulosa.— In  the  largest  animals  of  this  Sub-kingdom,  the  circulatory 
apparatus  presents  the  greatest  simplification.  Thus,  amongst  the  Crus- 
taceans, a single,  well  developed,  muscular,  systemic,  dorsal,  heart  is  found 
in  the  lobster ; it  is  placed  in  the  median  line,  beneath  the  hinder  border 
of  the  thoracic  part  of  the  shell,  and  is  enclosed  in  a delicate  sac,  which, 
from  its  resemblance  to  the  pericardium  in  the  A^ertebrata,  has  been  so 
named,  but  which  is,  in  reality,  a venous  sinus.  From  the  heart,  six 
systemic  arteries  are  given  otf  to  the  head,  stomach,  liver,  and  caudal 
extremity  ; from  the  lacunae  or  spaces  between  the  tissues  and  organs, 
the  circulating  fluid  is  collected  by  veins,  which  end  in  sinuses  placed 
above  the  ventral  surface;  from  these,  it  is  conveyed,  by  distinct  vessels, 
into  the  gills,  there  being  sometimes  contractile  dilatations  at  the  base 
of  those  organs  ; having  passed  through  the  gills  or  branchiae,  it  is  then 
retiu'ned,  by  the  so-called  Iranchio-cardiac  veins,  to  the  large  venous 
sinus  enclosing  the  contractile  heart,  into  which  it  enters  through  valved 
apertures,  and  is  then  propelled  into  the  systemic  arteries  already  de- 
scribed. No  cilia  ever  exist  in  the  interior  of  any  part  of  the  circulating 
system  of  the  highest  or  Arthropodous  Annulosa.  In  most  other 
Crustacea,  the  plan  of  the  circulating  apparatus,  is  the  same  as  in  the 
lobster ; but  in  certain  of  the  lowest  forms,  the  simple  heart  is  replaced 
by  an  elongated,  and  sometimes  by  a segmented,  contractile  vessel,  or 
dorsal  vessel,  provided  with  lateral  valved  openings,  by  which  the  blood 
enters  from  an  enclosing  venous  space  or  sinus.  In  Insects,  the  circu- 
latory system  presents,  as  has  already  been  seen  in  so  many  instances, 
modifications  adapting  it  to  special  forms  of  the  respiratory  apparatus. 
In  them,  there  no  longer  exist  either  lungs  or  gills,  but  tracheal 
respiratory  tubes  ramified  through  every  part  of  the  body.  The  heart 
is  replaced  by  a numerously  segmented  dorsal  vessel,  provided  with 
valves  between  each  segment,  contracting  rhythmically  from  behind 
forwards,  and  having  numerous  lateral  valved  openings,  through  which 
the  circulating  fluid,  returned  from  all  parts  of  the  body,  enters  from 
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an  enclosing  so-called  pericardial,  but  really  venous,  space  or  sinus. 
The  corpusculated  fluid  or  blood,  propelled  from  the  anterior  ex- 
tremity of  the  dorsal  vessel,  passes,  however,  not  so  much  into  distinct 
vessels,  as  into  channels,  lacunae,  or  spaces,  in  and  between  the 
various  organs  and  tissues  of  the  body,  and  so  comes  into  relation 
with  the  universally  diffused  tracheal  tubes,  and  then  again  finds  its 
way  back  to  the  pericardial  venous  sinuses.  The  chief  modification 
of  this  system,  seen  in  the  Mj'riapoda  and  Spiders,  consists  in  the  com- 
parative length  or  shortness,  the  equal  development,  and  the  more  or 
less  frequent  segmentation  of  the  valved  dorsal  vessel,  in  accordance 
with  the  consolidation  or  multiplication  of  the  segments.  Thus,  in 
the  Greophilida,  the  number  of  contractile  segments,  is  upwards  of  loO; 
in  lulida,  as  many  as  75 ; in  Scolopendrida,  15  to  21  ; all  are  separated 
by  well-formed  valves.  A small  ventral  trunk  also  exists  in  some 
Myriapoda.  In  the  Arachnida,  the  dorsal  vessel  sometimes  consists  of 
only  four  or  five  closely  packed  chambers.  These  segments,  with  their 
interposed  valves,  are  found  only  in  the  body  of  the  perfect  Insect,  and 
usually  number  eight  or  less ; in  the  thorax,  the  dorsal  vessel  has  no 
valves,  and,  in  front,  it  ends  in  a fine  vessel,  from  which  a few  branches 
have  been  traced.  In  the  microscopic  Arachnida.  such  as  the  acari, 
there  are  no  proper  vessels,  but  the  nutritive  fluid  contained  in  the 
perivisceral  chamber,  is  moved  by  means  of  contractions  of  the  muscles 
of  the  intestines  and  the  skin.  The  scorpion  presents  the  unusual 
condition  of  possessing  a distinct  abdominal  vein,  proceeding  from  the 
tail,  and  giving  branches  to  the  pulmonary  sacs. 

In  the  Annelida,  the  best  anatomists  agree  in  doubting  the  existence 
of  either  a contractile  chamber  or  heart,  or  of  a contractile  dorsal  vessel ; 
the  only  cavities  possessed  by  them,  analogous  to  the  more  perfectly 
developed  circulatory  apparatus  of  the  Arthropodous  Insects.  Myriapods, 
Spiders,  and  Crustacea,  are  the  perivisceral  spaces, lacunae,  and  channels, 
in  which  a slightly  corpusculated  fluid  has  been  found.  It  is  iu  this 
Class,  including  the  various  marine  and  terrestrial  Worms  and  the  Leeches, 
that  those  remarkable  ramified  vessels  are  met  with,  extending  into  every 
segment  and  portion  of  the  body,  named  the  pscudo-licemal  vessels,  which 
contain,  sometimes  a colourless,  though  usually  a red  coloured  fluid, 
often  corpusculated,  but  the  colour  of  which  is  not  dependent  on  the 
corpuscles.  These  vessels  are,  at  one  or  many  parts,  dilated  and  con- 
tractile, and,  at  certain  parts,  lined  with  cilia.  They  always  communicate, 
at  some  point,  bj'  a tubular  stem  with  the  exterior  ; a principil  trunk  on 
the  dorsal  aspect  of  the  body,  has  been  regarded  as  the  representative  of 
the  true  dorsal  vessel  of  the  higher  Annulosa ; but  their  homologies 
are  believed  to  be  rather  with  the  so-called  water-vessels  of  the  still 
more  lowlj'  organised  Annuloida,  than  with  the  non-ciliated  vascular 
apparatus  of  the  Arthropodous  Annulosa. 

Annuloida. — In  these  animals,  nothing  analogous  to  a blood  system 
exists,  there  being  neither  blood  nor  true  bloodvessels,  or  lacimar  blood 
spaces.  The  water-vessels  of  the  Eotifera  or  IMieel-animalcules,  of  the 
marine  Turbellarian  AVorm s,  the  Trematode  FI ukes.  the  Nematode  Thread- 
worms, and  the  tape-like  Taenia  and  its  allies,  the  Acanthocephah,  are 
ciliated  canals,  which  communicate,  at  some  point,  with  the  exterior,  and 
are,  bj'  some,  regarded  rather  as  resqiiratoiy  organs.  Neither  a heart 
nor  a dorsal  vessel  has  been  found  in  them.  The  extensive  system  of 
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amhidacral  and  other  vessels,  possessed  by  the  Echinodermata,  also 
communicates  with  the  exterior,  and  is,  apparently,  partly  respiratory, 
and  partly  locomotive.  No  heart  or  bloodvessels  have  been  detected  in 
these  animals. 

Ccelenterata. — These  are  also  destitute  of  blood,  cardiac  apparatus, 
and  proper  circulatory  vessels.  In  the  Actinozoa  and  Hydrozoa,  the 
digestive  cavity  communicates  with  the  perivisceral  or  general  cavity  of 
the  body,  from  which  ramifications,  sometimes  very  fine  and  numerous, 
proceed  through  the  disc  and  other  more  developed  parts.  In  this  way, 
nutritive  fluids  get  access  to  all  parts  of  the  body,  without  a circulation 
of  blood. 

Protozoa. — The  singular,  characteristic,  slowly  pulsating  vesicles, 
which  alternately  contract  and  dilate  within  the  soft  sarcodous  sub- 
stance of  the  Infusoria,  and  Ehizopoda,  although  they  sometimes  present 
radiating  ramiflcations,  as  in  certain  Infusoria,  are  probably  respiratory 
rather  than  circulatory.  In  the  sarcode  of  the  Sponges,  and  in  the 
unicellular  Gregarinida,  there  are  not  even  contractile  vesicles  ; and  no 
trace  whatever  of  internal  vessels.  The  circulation  of  external  fluid 
through  the  porous  substance  of  a sponge,  has,  of  course,  no  affinity  to 
a true  internal  circulation. 


NUTRITION. 

The  general  process,  by  which  the  microscopic  elements  of 
the  tissues  and  organs  of  the  body,  are  maintained  in  a healthy 
condition,  and  are  renovated  after  disintegration  and  waste  in 
use,  constitutes  the  function  of  Nutrition. 

Nutrition  proper,  consists  in  the  maintenance  of  a living 
part,  without  any  important  change  of  form  or  size.  Growth 
implies  a more  active  nutritive  process,  resulting  in  an  increase 
of  dimensions.  Development,  besides  nutrition  and  growth, 
requires  evolution,  or  changes  of  form.  Reparation  is  a 
nutritive  act,  which  has  for  its  object,  the  healing  of  a wound 
or  loss  of  substance,  or  the  more  perfect  restoration  of  an  in- 
jured or  lost  part.  Reproduction  of  a lost  joart,  is  an  extreme 
example  of  reparation.  The  act  of  secretion  is  a nutritive 
process,  in  which  the  products  of  nutrition  are  incessantly 
thrown  out  from  the  system.  The  reproduction  of  the  indi- 
vidual, is  a special  nutritive  phenomenon. 

In  Man  and  the  higher  animals,  the  blood  is  the  common 
source  of  the  nutrient  material  for  the  solid  parts  of  the  frame, 
and,  in  its  rapid  circulation  through  the  body,  it  passes,  whilst 
in  the  capillaries,  within  a very  minute  distance  of  the  ele- 
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mentary  constituents  of  the  various  tissues  and  organs.  In 
yielding  this  nuti’ient  material,  the  blood  itself  is  necessarily 
impoverished,  and  accordingly  is,  in  its  turn,  renewed,  or 
nourished,  chiefly  from  the  lymph  and  chyle,  both  of  which 
are  likewise  constantly  being  reformed  or  renewed.  All  three 
fluids,  the  lymph,  the  chyle,  and  the  blood,  are,  however, 
more  or  less  organised,  or  at  least,  the  products  of  organisa- 
tion. They  are,  indeed,  tissues,  or  fluid  parts  of  tissues, 
being  the  moveable  contents  of  vessels  or  tubes  formed  by  the 
coalescence  of  hollow  elongated  nucleated  cells.  Like  the 
more  solid  tis.sues,  they  are  subject  to  niitritive  waste  and 
renovation.  In  its  widest  sense,  nutrition  includes,  therefore, 
the  renewal  of  the  lymph  and  chyle,  the  renewal  of  the  blood, 
and  the  maintenance,  or  renewal,  of  the  solid  tissues  and 
organs  of  the  body. 

In  each  of  these  processes,  there  is  one  common  character, 
viz.  that  the  renewed  fluid,  or  solid,  assumes  some  portion  of 
a nutrient  pabulum,  different  from  itself,  and  converts  it  into 
a likeness  of  itself  Hence  the  term  assimilation  is  employed 
to  indicate  the  assumption  of  necessary  material  into  itself,  by 
a fluid  or  solid  tissue.  The  nutrition  of  the  chyle  and  blood, 
or  the  processes  of  chyliflcation  and  sanguiflcation,  are  espe- 
cially included  under  the  term  primary  assimilation,  whilst 
the  mttrition  of  the  solid  tissues  and  organs,  from  the  blood,  is 
described  as  secondary  assimilation. 

Nutrition  of  the  Chyle. 

The  composition  of  this  fluid,  its  relations  to  the  food,  and 
the  share  which  the  process  of  absorption  has  in  its  formation, 
have  already  been  described.  The  nutritive  character  of  that 
part  of  the  process  of  chyliflcation,  which  consists  in  the 
absorption  of  tatty  matters,  has  likewise  been  indicated.  The 
fatty  particles  of  the  chyle  within  the  lacteals,  certainly  differ 
from  the  emtdsionised  fat  found  on  the  surface  of  the  intes- 
tinal mucous  membrane,  and  the  albuminose  of  the  intestinal 
canal  appears  as  albumen  and  fibrin  in  the  chyle.  Accord- 
ingly, these  last-named  substances,  and  perhaps  also  the  tat, 
undergo  true  assimilative  changes,  and  not  a mere  absorption, 
as  they  enter  the  chyliferous  vessels.  Moreover,  the  cor- 
puscles which  appear,  as  the  fluid  advances  through  the  lym- 
phatic plexuses  and  glands,  afford  distinct  evidence  of  evolu- 
tion, organisation,  and^  therefore,  of  assimilative  power.  The 


NUTRITION  OF  THE  BLOOD. 


277 


columnai’  epithelial  cells  upon  the  villi,  and  also  the  cells  of  the 
absorbentvessels  and  the  alveolar  spaces  of  the  lymphatic  glands, 
■which  are  themselves  developed  by  the  coalescence  of  hollo’w 
nucleated  cells,  the  parietes  of  which  continue  to  be  endowed 
with  special  properties  of  an  elective  and,  therefore,  assimila- 
tive nature,  participate  in  this  process.  If,  as  previously 
alluded  to  (p.  180),  the  process  be  regarded  as  secernent,  the 
moveable  contents  of  the  lacteals,  form  a secretion,  and  the 
entire  lymphatic  system  constitutes  a large  gland,  the  secreting 
tubuli  of  which  begin  either  amidst  the  tissues  of  the  body,  as 
lymphatic  plexuses,  or  in  the  villi  of  the  small  intestine,  as 
the  commencements  of  the  lacteals ; whereas  the  terminal  ducts, 
of  which  the  chief  one  is  the  thoracic  duct,  open  into  the  great 
veins  at  the  root  of  the  neck.  The  vascularity  of  the  septa 
within  the  lymphatic  glands,  favours  the  near  proximity  of 
the  fresh  chyle  or  lymph,  to  the  capillary  bloodvessels  ; in  this 
way,  these  fluids  may  be  inspissated  by  venous  absorption,  and, 
moreover,  by  the  action  of  the  arterial  blood,  the  fibrinous 
matter  may  acquire  the  increase  which  is  noticed  beyond  the 
lymphatic  glands. 

Nutrition  of  the  Blood. 

The  most  obvious  evidence  of  organisation  in  the  blood,  is 
the  existence  of  its  white  and  red  corpuscles.  The  very  special 
characters  of  the  latter,  which  are  found  only  in  the  blood  of 
the  Vertebrata,  and  which,  as  we  shall  see,  tmdergo  evolution 
and  decay,  afford  proof  of  a farther  assimilative  action,  than 
that  which  takes  place  in  the  formation  of  the  lymph  and 
chyle.  The  blood,  however,  owes  the  maintenance  of  its 
extremely  composite  nature,  to  other  processes  than  to  those 
of  a self-assimilative  character : viz.  to  its  losses  in  the  nutri- 
tion of  the  solid  tissues  of  the  body,  and  in  the  formation  of 
the  various  secretions ; to  the  changes  which  it  incessantly 
ttndergoes,  by  the  entrance  into  it  of  new  matter,  by  venous  ab- 
sorption on  the  one  hand,  and  to  the  passage  from  it  of  effete 
matter,  by  excretion  on  the  other ; and  lastly,  to  the  profoimd 
alterations  in  its  character,  effected  by  the  action  of  oxygen  in 
the  respiratory  process.  For  these  reasons,  the  subject  of  the 
formation  of  the  blood,  or  Sanguification,  will  be  more  con- 
veniently considered  hereafter. 
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Nutrition  of  the  Organs  and  Tissues. 

The  nutrition  of  the  various  solid  parts  of  the  body,  nutrition 
proper,  or  secondary  assimilation,  consists  of  the  following 
steps  or  stages. 

First,  a nutritive  fluid  or  plasma,  exudes  from  the  blood, 
through  the  coats  of  the  capillaries,  into  all  the  interstices  of 
the  tissues.  This  process  may  be  partly  due  to  porous  diffu- 
sion, under  the  influence  of  the  pressure  of  the  blood  in  the 
bloodvessels,  but  partly  also  to  a dial}’tic  movement,  regu- 
lated by  the  chemical  relations  between  the  liquor  sanguinis 
and  the  walls  of  the  capillary  vessels.  As  these  vessels  are 
everywhere  developed  in  the  same  manner,  from  coalesced 
nucleated  cells,  the  structure,  chemical  composition,  and  pro- 
perties of  their  walls,  are  probably  the  same  in  every  tissue 
and  organ.  Hence  we  may  infer  that  the  nature  of  the  exuded 
fluid  plasma,  is  the  same  in  every  part  of  the  body,  and, 
accordiugljq  that  a uniform  material  derived  from  the  blood,  is 
provided  for  the  nutrition  of  every  part  of  the  system.  This 
nutritive  plasma  is  sometimes  .supposed  to  be  identical  with 
the  liquor  sanguinis ; but  this  is  doubtful.  Fluids  effused 
into  various  parts  of  the  body,  ^vhen  present  in  sufficient  quan- 
tity to  be  examined,  are  found  to  undergo  coagulatioii  after  they 
are  removed  from  the  influence  of  the  living  tissues;  they 
therefore  contain  a certain  quantity  of  fibrin  or  fibrinogen,  and  so 
far  resemble  the  liquor  sanguinis ; but  thev  appear  generally  to 
possess  less  albumen  and  saline  matter.  IMoreover,  the  liquor 
sanguinis  contains  all  the  ingredients  of  the  blood,  whether 
nutritive  or  effete,  excepting  the  white  and  red  corpuscles: 
whilst  it  is  more  probable  that  the  exuded  plasma,  destined 
for  the  nuti'itiou  of  the  tissues,  consists  of  a purer  nutrient 
material.  Whatever  its  precise  nature,  the  exuded  plasma 
passes  into  the  finest  interstices  of  the  vascular  tissues,  between 
the  capillary  networks,  and  bathes  all  the  elementary  parts  of 
those  tissues.  IMoreover,  it  penetrates,  beyond  the  vascular 
parts,  all  the  moist  non-vascular  tissues,  such  as  the  car- 
tilages, the  cornea,  the  capsule  and  the  substance  of  the 
crystalline  lens,  and,  likewise,  probably  even  reaches  the  in- 
tervals between  the  cells  of  epithelial  and  epidermoid  tissues. 
The  essential  difference  between  a vascular  and  a non-vascular 
tissue,  consists  in  the  relative  distance  of  their  microscopic 
elements  from  the  nearest  capillary  vessels,  and,  therefore,  in 
the  space  through  which  the  plasma  has  to  pass  from  those 
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vessels,  before  it  penetrates  the  tissue.  All  the  tissues,  indeed, 
whether  vascular  or  non-vascular,  whether  penetrated  by 
capillaries  or  not,  are,  strictly  speaking,  extra-vascular,  that 
is  to  say,  their  elementary  parts  are  outside  the  walls  of  the 
corpuscles.  The  existence  of  serous  or  white  vessels  smaller 
than,  but  continuous  Avith,  the  capillaries,  is  not  generally 
admitted ; but  in  certain  tissues,  secondary  nutritive  channels 
may  exist,  as,  for  example,  the  lacunte  and  canalictdi  of  bone, 
and  the  tnbuli  of  the  dentine,  by  aid  of  which  the  nutritive 
fluid  may  be  still  fiu’ther  distributed.  The  tubular  structure 
of  the  connective  tissue  corpuscles  and  their  processes,  and 
the  connection  of  these  Avith  the  lymphatics,  are  not  admitted. 

The  second  stage  of  the  nutritive  process,  consists  in  the 
exercise  of  a certain  selectiA^e  act,  or  so-called  elective  afilnity, 
by  the  elementary  parts  of  the  tissues  and  organs,  by  Avhich 
they  assimilate  to  themselves  such  portions  of  the  nntritAe 
fluid  as  are  suitable,  either  Avithout  or  A\dth  fLirther  change,  to 
renew,  molecule  by  molecule,  their  disintegrating  substance. 
The  nucleated  cells  of  the  epidermis  and  epithelium,  the  cor- 
puscles of  the  grey  matter  of  the  brain,  the  tnbiAlar  flbres  of 
the  AA'hite  nervous  tissues,  the  complex  fibres  of  the  striated 
muscles,  the  simple  fibrous  forms  of  the  contractile  fibres  or 
fibre-cells  of  the  organic  muscular  tissue,  and  of  the  fibrous  and 
areolar  tissues,  and  lastly,  the  consolidated  intercellular  sub- 
stance Avith  the  remnants  of  cells  imbedded  in  it,  as  in  car- 
tilage and  bone,  each  derives  from  the  exuded  plasma  of  the 
blood,  and  assimilates,  its  required  chemical  constituents.  The 
more  rajjid  the  Avaste,  the  more  active  is  the  renovation,  both 
processes  being  most  marked  in  the  muscular  and  nervous 
tissues,  Avhich  produce  and  regulate  all  animal  movement. 
This  assimilative  poAver  of  the  tissue  elements,  is  the  per- 
sistent, primitive,  nutritive  force,  inherited  from  the  germ-cell. 
It  is  probably  alike  possessed  by  every  cell,  hoAvever  remote 
in  its  descent  from  the  parent  cell,  and  hoAvever  modified, 
so  as  to  form  parts  of  a composite  animal  or  tissue,  just 
as  it  undoubtedly  is  when  a single  cell  constitutes  the  entire 
animal.  This  germ  force,  or  germinal  force,  is  the  essential 
cause  of  all  nutritive  phenomena,  as  it  is  of  all  organisation, 
Avhether  animal  or  vegetable.  By  it,  the  cellular  yeast  plant 
groAvs  and  maintains  itself  in  fermenting  saccharine  solutions, 
the  larger  fungi  feed  themselves  upon  juices  derived  from 
decaying  organic  matter  in  the  soil,  the  various  tissues  of  the 
more  complex  floAvering  plants  are  formed  and  supported  out 
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of  a common  pabulum,  the  sap  ; and,  in  the  Animal  Kingdom, 
the  unicellular  Gregarina,  the  sarcodous  Rhizopod,  the  protei- 
form  Amoeba,  the  soft-bodied  Ccelenterata,  with  their  ectoderm, 
endoderm,  and  intermediate  tissue,  and,  lastly,  aU  the  complex 
tissues  and  various  organs  of  animals  higher  in  the  scale, 
and  of  Man,  are  duly  nourished.  By  this,  the  nerve  tissue 
attracts  from  the  plasma  outside  the  capillaries,  its  essential 
fatty  and  other  constituents,  the  muscular  fibre  as.sumes  the 
materials  for  fi-esh  syntonin,  the  cartilage  those  for  its  chondrin, 
the  bones,  their  peculiar  animal  and  eartliy  materials,  and  so 
on,  of  every  other  tissue  of  the  body.  The  act  of  nutritive 
assimilation,  is  said  to  imply  a metabolic  effort,  operating  in 
regard  to  the  substance  of  the  tissues,  whilst  in  development, 
or  evolution,  this  is  associated  with  a rnetamorphic  effort, 
which  determines  their  form.  Both  kinds  of  nutritive  pheno- 
mena are  manifest  chiefly,  probably  exclusively,  in  certain 
areas  around  the  nuclei,  or  corpuscles,  of  the  cells,  the  so- 
called  fiei'ininal  centres,  which  are  therefore  known  as  areiis 
and  centres  of  nutrition.  The  few  cases  in  which,  as  in  elastic 
ligaments,  the  nuclei  or  corpuscles  are  said  to  be  absorbed, 
may  only  be  apparent  excejjtions  to  the  rule.  Certain  con- 
ditions of  the  blood,  and  of  the  temperature  of  the  body,  are 
essential  to  the  occurrence  of  nutritive  actions.  They  are 
most  active  at  the  commencement  of  the  life  of  any  animal,  and 
gradually  decline  as  that  advances,  tmtil  the  power  to  maintain 
the  body,  is  overcome  by  the  forces  which  lead  to  its  degenera- 
tion and  decay. 

In  reference  to  the  act  of  assimilation,  and.  indeed,  of  original  organi- 
sation, it  is  remarked  by  Graham,  that  colloidal  substances  may  not 
only  be  regarded  as  forming  the  essential  plastic  elements  of  the  body, 
capable  like  all  colloids,  of  existing  both  in  the  liquid  and  in  the  pec- 
tous  condition  ; but  that,  in  the  organising  and  assimilating  process, 
these  colloidal  bodies  do  pass  from  the  liquid  into  the  pectous  state,  a-; 
they  assume  the  form  and  characters  of  tissues  and  organs.  The  slow 
rate  of  these  colloidal  changes,  harmonises  with  the  gradual  and  periodic 
natiu’e  of  the  processes  of  growth  and  disintegration,  tvith  which  all  vital 
phenomena,  whether  of  vegetative  or  animal  life,  are  connected.  The 
EXEEGiA,  or  force,  peculiar  to  colloids,  ma)'  be,  indeed,  the  primary  source 
of  the  physical  force  appearing  in  the  phenomena  of  vitality  (Graham). 

Thirdly,  the  result  of  the  act  of  assimilation  by  the  various 
tissues,  is  to  leave  a residual  fluid  in  the  interspaces  of  the 
tissue-elements,  outside  the  capillary  vessels.  The  nature  of 
this  interstitial  fluid,  unlike  the  common  plasma  of  which 
it  is  a residue,  mu.st  differ  in  the  different  tissues,  as,  for 
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example,  in  muscle,  brain,  liver,  and  connective  tissue.  This 
residual  portion  of  the  nutritive  plasma  not  being  elFete,  but 
merely  defective  in  composition,  is  supposed  to  enter  the 
commencing  lymphatics,  and  thus  to  be  returned  to  the  blood 
through  the  absorbent  system.  Probably,  as  already  indicated, 
this  is  accomplished  by  true  assimilative  acts,  on  the  part  of 
the  lymphatic  vessels  and  gland.s,  owing  to  which,  cerdain 
appropriate  constituents  only  of  the  residual  portion  of  the 
plasma,  enter  the  commencing  lymphatics.  It  is  remarkable 
that  these  vessels  are  most  abundant  in  the  connective  tissue, 
in  Avhich  the  residual  part  of  the  plasma  is  least  altered,  and 
few  or  absent  in  muscle  and  brain,  where  the  greatest  modifi- 
cations are  effected  in  it,  and  where,  accordingly,  it  is  less 
fitted  to  form  fresh  lymph.  It  might  be  conceived,  without 
adopting  Virchow’s  and  Recklinghauser’s  views  as  to  the 
origin  of  the  lymphatics  in  the  connective  tissue  corpuscles, 
that  the  areolar  tissue  in,  and  between,  all  the  organs  of  the 
body,  acts  as  a sort  of  spongy  bed  or  matrix,  into  which  the 
residual  part  of  the  nutritive  plasma  escapes,  and  so  may  be 
more  easily  taken  up  by  the  lymphatics  which  abound  in  it. 

Fourtldy,  the  final  residue  of  the  exuded  plasma,  which  is 
neither  used  by  the  tissues  of  the  body,  nor  absorbed  by  the 
intruded  lyinjDhatic  vessels,  remains  to  be  accounted  for. 
This  must  be  conveyed,  probably,  by  simple  and  itnavoidable 
dialysis,  without  power  of  selection  or  rejection,  into  the 
venous  half  of  the  capillary  network,  and  the  minute  venules 
immediately  adjoining.  No  other  destination  can  be  assigned 
to  it,  and  unless  it  were  carried  off,  dropsical  accuimdations, 
or  effusions,  would  take  place  in  the  tissues.  From  this,  it 
would  appear,  that  whilst  the  still  serviceable  parts  of  the 
residual  plasma,  left  after  the  nutrition  of  the  other  tissues,  are 
restored  indirectly  to  the  blood,  by  lymphatic  absorption  and 
assimilation,  the  rmserviceable,  or  final,  and  no  longernutritious, 
residuum,  passes  into  the  circulation  directly,  by  means  of 
venous  absorption. 

Lastly,  with  this  final  residuum  of  the  nutritive  plasma, 
there  are  necessarily  mingled  the  products  of  the  disintegration 
of  the  tissues,  which  always  accompanies  their  action.  With- 
out waste  there  is  no  use,  and  without  use  there  is  no  life. 
It  is  the  loss  which  living  and  acting  tissues  undergo,  which 
necessitates  their  nutrition ; and  whilst  new  pabulum  is 
brought  by  the  arterial  blood,  which  yields  a nutritive  plasma 
through  the  walls  of  the  arterial  half  of  the  capillary  network, 
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from  which  plasma  all  the  tissues  receive  respectively  their 
requisite  materials,  the  products  of  their  waste  would  seem 
first  to  become  dissolved  in  the  ultimate  residuum  of  the 
plasma,  and  ivith  it,  to  enter  the  venous  blood,  through  the  walls 
of  the  venous  half  of  the  capillaries  and  of  the  minute  veins. 
These  products  of  waste  are  really  effete,  and  no  longer  fit  for  the 
prrrposes  of  nutrition ; physiologically,  they  are  the  result  of 
a process  of  de-nvtrition^  and,  chemically  considered,  of  a pro- 
cess of  oxidation,  of  the  tissue  substance.  It  is  these  which 
impart  to  the  blood,  its  positive  venous  characters.  Thus, 
venous  blood  is  more  watery;  it  contains  less  nutritive  matter ; 
it  is  also  rendered  impure  by  containing  the  waste  products  of 
the  tissues,  the  chief  of  which  are  carbonic  acid,  lactic  acid, 
and  urea.  The  former  of  these,  as  we  shall  hereafter  see,  is 
replaced  by  oxygen  in  the  lungs,  and  so  a negative  defect  in 
venous  blood,  the  want  of  that  stimulating  agent,  is  supplied. 
Here,  also,  the  carbonic  acid  is  given  off ; whilst  the  lactic 
acid,  phosphates,  and  urea,  are  eliminated,  or  cast  out  of  the 
blood,  by  the  excretory  glands,  especially  by  the  skin  and 
kidneys. 

The  five  stages  of  the  nutritive  process,  though  here  sepa- 
rately described,  viz.  the  exudation  of  the  nutritive  plasma 
from  the  blood,  the  assimilation  of  parts  of  this  by  the  tissues 
under  repair,  the  absorption  and  assimilation  of  other  portions 
by  the  lymphatics,  and  lastty,  the  reabsorption  of  the  final 
residue,  together  with  that  of  the  waste  products  of  the  ti.<.sues, 
by  the  venous  capillaries  and  vein.s,  are,  of  course,  in  the 
living  body,  simultaneously  and  continuously  performed,  and 
in  the  healthy  condition,  with  a perfect  balance  of  action. 
Especially  must  the  removal  of  the  waste  products,  be  inces- 
sant, or  they  tvould  taint  the  nutritive  plasma,  and  cause 
inflammation,  as  in  reality  occurs  in  rheumatism  and  gout. 

In  the  embryo,  and  in  the  growing  animal,  nutrition  not 
only  repairs  the  constant  waste  of  the  tissues,  but,  as  already 
stated,  contributes  to  the  formation  of  new  morphological  ele- 
ments, in  the  processes  of  development  and  growth.  But. 
after  the  body  has  attained  its  maturity,  growth  ceases  in 
most,  though  not  in  all,  of  the  tissues.  Hence  two  kinds  of 
nutritive  processes  are  noticeable  in  the  adult. 

In  one,  not  only  are  the  already  existing  ceU-elements.  and 
their  secondary  intra-  or  intercellular  products,  supplied  wirh 
materials  for  their  special  nutrition,  imtil  they  have  passed 
through  all  the  metamorphoses  peculiar  to  them:  but  new  cell- 
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elements,  or  germinal  centres,  are  constantly  being  reproduced 
and  developed,  for  tlie  purpose  of  supplying  the  jolace  of  those 
which  are  cast  off ; these  new  cells  are,  in  turn,  succeeded 
by  others.  This  process,  named  continuous  groivth,  occurs  in 
the  epidermis,  nails,  and  hair,  in  the  epithelial  tissues  of  the 
mucous  membranes  and  secreting  glands,  and  probably  also  in 
the  grey  nervous  substance.  Moreover,  from  the  active  in- 
ternal changes  of  absorption  and  deposition  constantly  going  on 
in  bone,  as  indicated  by  observations  on  the  bones  of  animals 
fed  with  madder,  it  would  seem  that  new  cells  are  continually 
being  formed  in  that  tissue,  and,  if  so,  perhaps  in  cartilage 
also.  In  the  nutrition  of  the  blood,  there  occurs  not  merely  a 
continued  renovation  of  pre-existing  red  corpuscles,  but  also 
the  death  and  disappearance  of  a certain  proportion  of  these, 
together  with  the  reproduction  of  neiv  ones.  In  the  othe?' 
mode  of  nutrition,  when  once  a tissue  has  attained  maturity, 
no  new  morphological  elements  are  added  to  it ; such  is  sup- 
posed to  be  the  case,  with  the  areolar  and  fibrous  tissues,  and 
with  the  muscular  and  nervous  fibres.  In  these  tissues,  the 
nutritive  process  consists  merely  in  interstitial  disintegration 
and  deposition,  affecting  the  elements  of  the  perfectly  formed 
tissue,  molecule  by  molecule,  so  as  effectually  to  preserve  the 
shape  and  size  of  a part  or  organ,  as  long  as  the  normal  or 
healthy  standard  of  nutrition  is  maintained.  According  to 
this  view,  even  the  enlargement  of  a muscle  from  exercise,  is 
owing  to  an  increase  in  the  size  of  the  fibrillte  in  each  fibre, 
and  not  to  the  formation  of  new  fibres,  or  even  of  new  fibrillas ; 
whilst  muscular  emaciation  is  due  merely  to  a diminution 
in  the  size  of  those  elements.  It  is,  however,  supposed  by 
some,  that,  as  in  bone,  so  in  muscle,  new  centres  of  growth, 
or  nuclei,  are  developed  from  time  to  time,  and  give  rise  to 
new  fibres,  amongst  the  pre-existing  ones,  some  of  which  are, 
on  the  other  hand,  constantly  undergoing  retrograde  changes, 
and  disappearing. 

In  the  mode  of  nutrition  by  the  continuous  growth  of  new 
cells  on  the  surface,  the  old  elements  are  cast  off  directly  at  the 
surface  of  the  body,  or  of  some  one  of  its  internal  membranes  ; 
parts  of  them,  however,  are  sometimes  reabsorbed  as  secretions. 
In  the  interstitial  mode  of  nutrition,  the  products  of  disintegra- 
tion, arising  from  nutritive  changes  in  the  substance  of  the 
tissue,  are  taken  up,  if  not  by  the  absorbents,  at  all  events  by 
the  bloodvessels,  and  so  enter  the  blood. 

The  phenomena  of  nutrition  are  necessarily  affected. 
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through  the  blood,  by  the  quantity  and  quality  of  the  food,  by 
all  the  changes  which  occur  in  the  blood  itself,  by  what  is 
called  the  general  condition  of  the  health,  by  exercise  or  the 
reverse,  and  by  external  conditions,  such  as  temperature,  me- 
chanical causes,  pressitre  or  violence,  or  chemical  agents. 

Nutrition  is  also  affected,  and  modified,  by  the  state  of  the 
nervous  system,  as  exemplified  by  the  effect  of  emotions  and 
other  causes,  probably  in  the  main,  through  the  action  of  the 
vasi-motor  nerves  regulating  the  diameter  of  the  small  arteries 
of  a part.  Perversions  of  the  condition  of  the  nerves  or 
nervous  centres,  may  induce  a perverted  state  of  the  nutritive 
processes,  both  general  and  local.  The  formative  and  nutri- 
tive energy  is,  however,  not  derived  from  the  nervous  system ; 
for  it  is  manifested  not  only  in  animals  destitute,  so  far  as  is 
known,  of  any  nervous  system,  but  even  in  plants.  Moreover, 
it  begins  to  act  in  the  OAUim,  previous  to  the  existence  of  a 
nervous  system,  Avhich  system,  indeed,  is  developed  by  its 
agency.  Of  the  numerous  instances  usually  adduced,  to  proA*e 
that  the  nervous  system  may  directly  guide,  or  modify,  the 
nutritive  changes  in  the  tissues,  independently  of  its  action 
on  the  bloodvessels,  none  are  satisfactory,  if  adduced  in  the 
case  of  animals  possessing  bloodA^essels ; for  it  is  impossible, 
in  such  cases,  to  exclude  the  action  of  the  nerves  upon  these 
vessels.  But  there  are  animals,  low  in  the  scale,  such  as  the 
Beroe  and  other  Ccelenterata,  in  which  a nervous  system 
exists,  without  bloodvessels ; and,  in  these  cases,  any  action 
of  the  former,  upon  the  nutritive  processes,  must  be  direct,  and 
not  through  the  agency  of  vessels.  The  increased  nutrition 
or  secretion  from  a part  in  such  an  animal,  due  to  a stimulus 
acting  on  its  nerves,  furnishes,  unless  this  is  iufiuenced  by  the 
contraction  of  the  tissues  themselves,  the  requisite  example  of 
such  direct  action.  If  so,  by  analogy,  it  might  also  occur  in  the 
vascular  animals,  and  in  Man. 

Certain  muscular  organs,  stimulated  through  the  nerves, 
such  as  the  gravid  uterus  of  the  iMammalia,  and  the  muscles 
of  the  frog  after  the  season  of  hybernation,  undergo  normal 
periodic  enlargements.  In  this  form  of  over-nutrition,  both 
the  processes  first  mentioned,  usually  occur,  viz.  an  increase 
in  the  size  of  the  pre-existing  elements,  or  lutpertrophy.  and 
also  an  increase  in  then-  number,  or  hyperplasia.  Budge  has 
actually  observed  this  latter  mode  of  increase,  in  the  muscles 
of  the  frog,  new  fibres  being  developed  from  nuclei  arising 
from  the  old  ones  Avithin  the  sarcolemma  of  the  pre-existing 
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fibres.  In  such  cases,  a corresponding  increase  takes  place  in 
the  nerves,  and  new  nerve  fibres  also  appear  to  be  developed 
by  aid  of  the  nuclei  of  the  old  ones  (Ktihne).  The  blood- 
vessels of  such  parts  must  also  enlarge — a change  not  due  to 
simple  dilatation,  but  to  a coincident  interstitial  hypertrophy 
of  the  tissue  elements  of  their  walls. 

Various  deviations  from  the  normal  standard  of  nutrition,  are  met 
■with  in  the  body  ; they  are  fertile  sources  of  organic  disease,  giving  rise 
to  the  morbid  conditions  known  as  hypertro'pliy  and  hyperplasia,  neoplasia, 
atrophy,  softening,  induration,  degeneration,  and  inflammation,  with  its 
consequences. 

Hypertrophy  and  hyperplasia,  already  defined,  are  usually  attributed, 
either  to  an  over-abundance  of  certain  materials  in  the  blood,  suitable 
to  the  development  of  some  particular  tissue,  or  to  excessive  supply  of 
blood,  to  over-exercise  of  a part,  or  to  some  not  understood  tendency  to 
an  increase  of  size  or  growth,  by  excessive  enlargement  or  multiplication 
of  the  tissue-elements.  Muscular  hypertrophy  and  hyperplasia,  are  more 
common  in  the  involuntary  than  in  the  voluntary  muscles. 

Neoplasia,  or  the  formation  of  new  growths,  is  referred  to  a perverted 
nutrition.  Its  cause  is  unknown ; though  it  is  attributed,  with  some 
probability,  to  the  accumulation  in  the  blood  of  some  similar  nutritive 
material  or  pabulum,  fitted  to  stimulate  their  formation,  and  support 
their  growth  and  nutrition.  The  resulting  tumours  are  sometimes 
homoplastic  or  homologous,  that  is,  they  exhibit  a structure  similar  to 
that  of  some  normal  tissue;  or  they  are  heterologous  or  heteroplastic, 
their  structure  being  entirely  unlike  any  healthy  texture.  Fatty,  fibrous, 
cartilaginous,  and  bony  tumours  belong  to  the  former,  and  tubercle, 
fibroplastic  sarcomas,  and  cancers,  to  the  latter  variety  of  new  formations. 
These,  when  once  formed,  are  the  seat  of  continued  nutritive  changes, 
more  or  less  perfect  and  proper  to  themselves,  and  maintaining,  in  the 
midst  of  interstitial  changes,  the  character  of  the  abnormal  tissue- 
elements  of  each  gro'wth. 

Atrophy,  or  the  gradual  or  rapid  wasting  of  a part  or  tissue,  depends 
on  general  defective  nutritive  activity,  an  unhealthy  condition  or  deficient 
supply  of  blood,  want  of  exercise  in  a part,  or  loss  of  intrinsic  nutritive 
power.  Atrophy  may  be  general,  as  that  which  follows  deficiency  of 
food  or  actual  starvation,  or  partial  and  local,  as  that  which  occurs  in 
the  fatty  tissue,  when  no  fatty,  amylaceous,  or  saccharine  food  is  eaten, 
and  the  blood  is  destitute  of  fatty  matter. 

Softening,  induration,  and  degeneration,  imply  not  only  defective,  but 
more  or  less  altered,  nutrition.  The  first  consists  in  a liquefaction  of 
the  tissue-elements  ; the  second  and  third,  in  depositions,  in  or  about 
them,  of  albuminoid  or  amyloid  substance,  or  in  an  actual  conv'ersion  of 
the  proper  albuminoid  or  gelatin-forming  material  of  the  tissue,  into 
fatty  matter — a change  not  unfrequently  seen  in  muscular  tissues,  espe- 
cially in  those  who  indulge  in  alcoholic  beverages.  In  certain  cases,  fatty 
degeneration  prepares  a tissue,  or  some  morbid  deposit,  the  result  of 
inflammatory  or  perverted  hypertrophic  or  hyperplastic  action,  for  more 
easy  absorption  and  removal  from  the  body  ; sometimes  this  and  other 
changes  destroy  tumours,  and  so  lead  to  exhaustion  and  death. 

Inflammation  is  essentially  an  abnormal  or  altered  nutritive  process. 
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It  commences  in  some  altered  relation  between  the  nutritive  qualities 
and  reactions  of  a tissue,  and  of  the  blood,  or  its  exuded  plasma  ; the 
normal  nutritive  changes  are  arrested;  the  unused  plasma  soon  becomes 
excessive  in  quantity  ; new  products  are  stimulated  into  growth,  includ- 
ing, essentially,  cells  formed  by  multiplication  of  the  pre-existing  connec- 
tive tissue  corpuscles.  Moreover,  the  condition  of  the  blood,  and  of  the 
capillaries,  very  soon  becomes  changed ; the  blood  becomes  less  fluid,  and 
the  vessels  distended  and  enlarged,  causing  a state  of  congestion  ; the  red 
corpuscles  of  the  blood  in  the  part,  cohere,  and  at  last  become  motionless 
or  stagnate,  stasis  being  produced ; the  white  corpuscles  increase  in 
number  in  the  blood  generally,  owing  it  is  supposed,  to  over-activity  of 
the  commencing  lymphatics  of  the  inflamed  part.  Lastly,  the  nerves 
of  the  part  are  excited  by  these  changes,  and  by  the  disturbance  in  their 
own  nutrition.  The  chief  obvious  results  and  evidences  of  inflammation, 
are  swelling,  redness,  heat,  and  pain;  but  these  are  effects,  and  not  even 
essential  characters,  for  one  or  more  of  them  may  be,  under  certain 
circumstances,  absent. 

Inflammation  may  end  favourably  in  resolution,  which  consists  in  the 
absorption  of  the  exuded  material,  and  of  the  new  products  stimulated 
to  growth  by  it.  These  may,  however,  undergo  rapid  increase,  and  form 
solid  and  morbid  plastic  deposits,  or  fluid  pus,  abounding  in  corpuscles 
like  the  white  blood  corpuscles,  and  so  give  rise  to  induration,  inflam- 
matory thickening,  or  suppuration.  Collections  of  pus,  surrormded  by 
plastic  deposit,  constitute  abscesses;  these,  by  progressive  absorption  of 
their  coverings,  may  reach  the  surface,  and  burst.  A further  result  of 
inflammation,  is  idceration,  which  consists  in  the  moUetdar  death,  and 
gradual  softening  and  falling  away,  of  a highly  inflamed  part  of  the 
surface  of  a tissue  or  organ,  causing  a loss  of  substance,  or  sore  known 
as  an  ulcer.  Gangrene,  or  'mortification,  is  the  complete  molar  death  of  a 
part;  dependent,  sometimes,  on  excessive  inflammation,  causing  obstruc- 
tion or  occlusion  of  the  larger  or  smaller  bloodvessels,  or  an  actual 
destruction  by  violence,  heat,  cold,  or  chemical  agents.  The  body  may 
also  be  wounded,  or  parts  even  completely  detached  from  it. 

As  inflammation  and  its  consequences,  are  essentially  derangements  of 
the  nutritive  process,  so,  on  the  other  hand,  all  the  phenomena 

seen  in  the  living  animal  body,  which  tend  to  preserve  life,  consist  in 
most  remarkable  and  energetic  manifestations  of  modified  development, 
growth,  and  nutrition.  Thus,  the  cavity  of  an  abscess,  is  chiefly  closed 
by  the  collapse  of  its  sides ; but,  also,  by  a new  and  very  vascular,  soft, 
red  formation,  in  its  interior,  known  as granulatmis,  which  are  developed 
from  new  cell-elements,  partly  metamorphosed  into  connective  tissue, 
and  partlj’  into  bloodvessels,  whilst  certain  of  the  cells  escape  as  pus  ; 
ultimately,  these  granulations  cohere,  and  the  orifice  being  closed  up.  is 
covered  by  new  epidermis,  or  by  cicatrisation.  An  ulcer,  or  a wotmd  is 
filled  up,  and  healed,  in  a similar  manner,  by  granulation,  suppuration, 
and  cicatrisation,  the  resulting  mark  being  named  a scar,  or  cicatrix. 
The  temporary  covering,  or  natural  dressing  of  an  ulcer,  known  as  a 
scab,  consists  of  dried  exuded  materials  and  pus.  Gangrenous  parts 
are  detached,  separated,  and  thrown  oflf,  by  a remarkable  tdeerative  pro- 
cess, or  molecular  decay,  occurring,  not  in  the  dead  parts,  but  in  the  living 
parts  in  immediate  proximity  to  them ; when  these  are  detached,  the 
raw  surface  is  healed  by  granulation,  suppuration,  and  cicatrisation. 
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The  healing  of  actual  wounds,  differs  according  to  the  extent,  depth,  and 
relative  proximity  of  the  surfaces,  and  the  degree  of  their  exposure  to  the 
air.  It  may  sometimes  occur  by  immediate  or  direct  union,  as  in  the  healing 
of  subcutaneous  wounds,  without  any  manifest  inflammation,  and,  it  is 
said,  even  without  any  observable  exudation  of  intermediate  or  uniting 
plastic  matter.  Sometimes  this  ma}'  also  occur  in  the  healing  of  external 
cut  surfaces,  which  have  quite  ceased  to  bleed,  and  can  be  maintained 
in  accurate  and  immoveable  apposition,  and  from  between  which  air  can 
be  totally  excluded.  Most  frequently,  however,  healing  is  accompanied  by 
more  or  less  inflammatory  action,  and  the  formation  of  a new  uniting 
substance ; this  constitutes  union  by  adhesive  inflamrnatioji,  or  by  the 
first  intention.  In  this  mode  of  union,  plastic  matter  is  exuded,  new 
cells  are  formed  and  converted  into  connective  and  capillary  tissue,  and 
so  the  divided,  but  apposed  surfaces,  are  joined.  When  the  wound  is 
deep,  or  the  loss  of  substance  is  great,  or  the  apposition  of  the  surfaces 
impossible,  or  when,  from  any  other  cause,  the  adhesive  inflammation  does 
not  happen,  then  the  surfaces  granulate  and  suppurate,  like  those  of  an 
ulcer  or  abscess,  and  when  these  have  closed  up  the  cavity,  cicatrisation 
ensues.  The  extent  and  mode  of  reparation  in  each  tissue,  and  in  va- 
rious animals,  will  be  explained  in  the  Section  on  Development.  In  all 
cicatrices,  or  other  repaired  parts,  nutritive  changes  afterwards  go  on, 
resulting,  as  in  the  healthy  tissues,  in  the  maintenance  of  the  form  and 
characters  of  the  newly  developed  tissue  or  scar. 


Offices  of  the  Blood  and  of  its  several  Constituents  in 
Nutrition. 

The  general  fact,  already  indicated,  that  the  blood  is  the 
source  of  all  the  nutrient  material  for  the  solid  tissues  of  the 
body,  is  illustrated  in  many  ways.  Thus,  the  activity  of  the 
nutritive  process,  is  coincident  with  the  quantity  and  quality 
of  the  blood  supplied  to  a particular  part  or  organ.  Unless 
it  be  constantly  supplied,  through  the  absorbent  system,  with 
fi-esh  nutriment  from  food,  it  becomes  itself  impoverished, 
showing  the  demand  made  upon  it,  by  the  nutritive  wants  of 
the  solid  tissues.  Ligature  of  the  arteries  of  a part,  is  followed 
by  a diminution  in  its  size,  owing  to  defective  nutrition  ; and 
not  only  does  complete  closure  of  the  arteries  accomplish  this, 
but  even  their  conqn-ession.  There  are  instances  in  which  an 
increased  supj>ly  of  blood,  through  enlargement  of  the  arteries, 
occurs  as  a natural  phenomenon  in  the  living  body,  and,  in 
such  cases,  this  determination  of  blood.,  as  it  is  called,  is  ac- 
companied by  an  increased  growth  in  the  part  or  oi-gan  supplied, 
as  exemplified  in  the  annual  development  of  the  antlers  of 
the  stag,  and  in  the  periodic  enlargement  of  the  mammary 
glands  in  the  Mammalia,  for  the  supply  of  their  young  with 
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milk.  Again,  the  falling  of  the  antlers,  and  the  disappearance 
of  portions  of  healthy  bone,  in  the  ordinary  nutrition  of  that 
texture,  are  always  preceded,  or  accompanied,  by  a gradual 
shrinking  and  final  clo.sure  of  the  vessels  which  nourish  them, 
by  the  filling  up  of  the  Haversian  canals  of  the  bony  tissue ; 
thus,  nutrition  is  arrested,  as  the  supply  of  blood  is  cut  off. 
Lastly,  haemorrliages,  or  bleedings,  are  followed  eventually,  by 
diminished  nutrition  of  the  body.  But  the  immediate  effects 
of  severe  ha3morrhage,  are  most  remarkable.  The  functional 
activity  of  the  muscular  and  nervous  systems,  the  exerci.«e  of 
which  also  demands  rapid  nutritive  changes,  is  either  enfeebled, 
suspended,  or  lost.  Every  sensation,  perception,  emotion,  or 
volition,  and  every  movement,  is  accompanied  by  disinte- 
gration of  nervous  or  muscular  tissue,  or  of  both  ; these  tis.sues 
are  maintained  in  a fit  state  for  action,  by  a due  supply 
of  oxygenated  blood  and  nuti-itive  plasma,  and  the  several 
changes  which  occur  in  them  and  in  the  blood,  are  retro- 
gressive chemical  decompositions,  accompli.shed  through  the 
agency  of  the  oxygen  conveyed  in  the  latter.  Accordingly, 
a loss  of  blood  from  hemorrhage,  a diminution  of  that  fluid 
from  pressure  on  the  vessels,  or  an  arrest  of  the  circulation 
from  ligature,  or  other  causes,  is  followed  by  a diminution, 
suspension,  or  annihilation  of  the  functions  of  a muscle  or 
nervous  centre.  Similar  results  ensue  from  serious  alterations 
in  the  quality  of  the  blood,  as  when  the  proportion  of  oxvgen 
in  it,  is  deficient,  or  when  carbonic  acid  is  in  excess,  as  is  seen  in 
the  immediate  loss  of  consciousness  and  muscular  poiver,  which 
follows  the  arrest  of  the  decarbonising  and  oxygenating  pro- 
cesses of  respiration.  The  nutrition  of  the  body  generally, 
also  becomes  defective,  fi’om  a continually  diminished  supplv 
of  pure  air,  owing  to  the  blood  not  being  then  duly  oxygenated 
and  purified.  Finally,  the  influence  of  the  blood,  in  stimu- 
lating and  nourishing  the  tissues,  is  directly  proved  bv  the 
remarkable  resuscitatijig  effects  of  injecting  that  fluid  into 
the  veins  of  persons  or  animals,  previously  deprived  of  blood 
by  accidental  or  intentional  haemorrhage,  the  powers  of  the 
Avhole  system  which  have  previously  been  suspended,  being, 
in  this  Avay,  almost  instantaneously  restored. 

The  nutritive,  stimulating,  and  resuscitating  poAvers  of  the 
blood,  depend  on  the  chemical  constitution  of  the  liquor  san- 
guinis, and  on  the  number,  composition,  and  properties  of  the 
corpuscles  Avhich  it  contains ; and  the  special  offices  of  the 
different  parts  of  this  fluid,  for  the  processes  of  nutrition,  may 
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be  referred  both  to  its  morphological  and  chemical  constituents, 
which  have  already  been  described  (Vol.  I.  pp.  62,  90). 

The  white  corpuscles  appear  to  serve,  at  all  periods  after 
birth,  for  the  renovation  of  the  red  or  coloured  ones.  They 
are  very  abundant  in  sickly  and  ill-fed  persons  ; also  in  ansemia, 
in  inflammations,  and  in  certain  diseases  of  the  spleen,  probably 
because  they  do  not  then  undergo  the  usual  change  into  red 
corpuscles,  and  so  relatively  accumulate  in  number. 

The  red  corpuscles,  by  virtue,  as  it  Avould  seem,  of  the 
colouring  matter,  or  cruorin,  are  the  great  carriers  into  the 
system  of  oxygen,  which  displaces  carbonic  acid  from  the 
blood  during  respiration,  as  will  be  explained  in  the  section 
on  that  subject.  The  sixbstance  usually  known  as  hasmatin, 
is  a product  of  the  decomposition  of  cruorin,  by  the  action 
of  acids  or  caustic  alkalies.  The  haamatin  of  Lecanu  is  a 
highly  coloured  albuminoid  substance,  containing  iron ; its 
chemical  relations  with  the  myochrome  of  muscles,  the  pigment 
of  the  choroid  and  iris,  of  the  hairs  and  skin,  in  both  the  dark 
and  fair  races  of  mankind,  and  also  with  the  colom-ing  matters 
of  the  bile,  the  urine,  and  the  supra-renal  bodies,  may  indicate 
some  nutritive  relations  between  it  and  them  ; it  may  perhaps 
be  formed  in  the  spleen,  or  in  the  lungs,  and  may  be  dissolved, 
in  minute  quantity,  in  the  nutritive  plasma,  and  so  And  its  way 
chiefly  to  the  muscles  and  hairs,  in  the  colouring  matter  of 
both  of  which,  iron  is  also  found.  The  red  corpuscles  also 
probably  furnish,  by  their  solution,  continuous  supplies  of 
albuminoid  matter  to  the  liquor  sanguinis,  the  globulin  of 
the  corpuscles  having  a close  resemblance  to  albumen  and 
syntonin.  The  fact,  however,  that  the  red  corpuscles  contain 
most  of  the  potash,  whilst  the  liquor  sanguinis  contains  most 
of  the  soda,  of  the  blood,  may  indicate  that  the  muscular  tissue 
which  also  abounds  in  potash,  may  receive  special  nourish- 
ment from  these  ; and,  as  they  also  contain  a phosphorised  fatty 
matter,  they  may  have  special  nutritive  relations,  direct  or 
indirect,  v'ith  the  nervous  substance.  The  quantity  of  the 
red  corpuscles  in  the  blood,  is  certainly  greatest  in  healthy  and 
vigorous  persons.  These  corpuscles  are  also  most  abundant 
in  the  hot-blooded  Birds,  not  quite  so  numerous  in  the  Mam- 
malia, the  temperature  of  which  is  not  so  high, and  muchfewer  in 
the  cold-blooded  Reptiles,  Amphibia,  and  Fishes.  Their  pro- 
portion in  the  blood,  is  in  direct  relation,  not  only  with  the 
temperature  of  the  bodj^,  but  also  with  the  general  activity 
and  energy  of  the  muscular  and  nervous  apparatus.  From  this 
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cause,  the  ratio  of  the  general  solids  to  the  ^vater  of  the  blood, 
shows  similar  proportions  in  the  different  Vertebrate  Classes. 

The  special  nutritive  office  of  the  liquor  sanguinis,  must  be 
explained  by  its  composite  chemical  constitution.  Its  peculiar 
physical  character  of  smooth  viscosity,  due  to  the  albumen, 
and  particularly,  it  is  said,  to  the  fluid  fibrin  which  it  contains, 
is  highly  favourable  to  the  easy  passage  of  the  blood  along 
minute  channels  like  the  capillaries,  without  its  exuding  too 
freely  through  their  walls,  and  perhaps  also  to  the  uniform 
suspension  of  the  red  particles  in  it.  A tendency  to  exude 
in  undue  quantity  through  the  coats  of  the  vessels,  is  probably 
favoured  by  a diminution  in  the  amount  of  fibrin,  as  well  as 
by  like  changes  in  the  proportions  of  the  albumen  and  the  salts. 

The  uses  of  the  particular  chemical  constituents  of  the  blood, 
as  a whole,  require  further  consideration.  The  albuminoid 
principles  of  the  blood,  its  most  abundant  constituents,  include 
the  globulin  of  the  red  corpuscles,  the  albumen  of  the  tvhite 
corpuscles,  and  that  held  in  solution  in  the  liquor  sanguinis ; 
this  latter  is  said  to  be  chiefly  derived  from,  or  prepared  by, 
the  blood  corpuscles,  the  globulin  of  which  is  believed  to  escape 
into  the  liquor  sanguinis,  either  through  their  thin  envelopes, 
or  after  their  solution.  These  albuminoid  substances  are  of 
the  highest  nutritive  value  ; for  they,  or  their  derivatives,  are 
found,  in  larger  or  smaller  quantity,  in  all  the  tissues  and 
organs  of  the  body,  both  in  the  microscopic  cell  elements 
and  the  intercellular  substance,  appearing  as  albumen  or 
syntonin  in  the  nervous  tissues,  as  syntonin  in  the  muscles, 
much  changed,  as  a gelatin-,  or  chondrin-,  yielding  sub- 
stance in  the  fibrous  and  areolar  tissues,  bone,  and  cartilage, 
and  as  elastin  in  the  yellow  ligaments  and  other  elastic 
tissues.  Gelatin  is  not  found  in  the  blood  itself;  but  when 
digested,  it  is  converted  into  a gelatin-peptone,  and  so  be- 
comes absorbed  as  we  have  seen,  but  in  what  state,  is  not  yet 
known ; nor  is  its  destination  in  the  nutidtive  processes  of  the 
body  certain.  Either  it  may  serve  for  the  direct  nutrition  of 
the  gelatin-yielding  tissues ; or,  and  this  is  very  probable,  itmay, 
by  itself  undergoing  oxidation,  conserve  other  more  important 
tissues,  and,  at  the  same  time,  maintain  the  temperature  of  the 
body.  Its  efficacy  as  administered  in  jellies,  beef-tea,  and 
broth,  in  cases  of  sickness,  especially  indicates  its  importance 
as  an  article  of  diet.  Furthermore,  the  albuminoid  substances 
such  as  salivin,  pepsin,  pancreatin  and  casein,  found  in  many 
most  important  secretions,  must  be  derived  from  the  albumen 
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of  the  blood.  The  quantity  of  these  formed  in  the  day, 
is  considerable,  but  those  contained  in  the  digestive  fluids, 
are  quickly  absorbed  into  tlie  blood  again.  Though  so  highly 
nutritive,  and  absolutely  essential  to  the  economy,  albumen, 
considered  as  an  organisable  substance,  has  no  metamorphic 
power ; though  it  affords  a fit  material  for  metamorphic 
action. 

The  fibrin  of  the  blood,  was  formerly  supposed  to  be  specially 
intended  for  the  nutrition  of  tlie  muscles,  theii’  albuminoid 
constituent,  syntonin,  being  considered  to  be  identical  with  the 
fibrin  of  the  blood.  It  is  now  believed  that  the  fibrin  is  not  so 
essential  for  nutritive  purposes  as  the  albumen,  and  the  small 
proportionate  quantity  in  the  blood,  as  compared  with  otlier 
albuminoid  bodies,  viz.  about  1 to  90,  is  in  accordance  with 
this  idea.  Fibrin  is  more  highly  oxidated,  or  contains 
more  oxygen,  than  albumen  ; hence  it  may  be  a degraded  form 
or  condition  of  albumen,  exhibiting  a retrogressive  change  into 
some  still  lower  compoimds.  As  ah-eady  mentioned,  it  may 
assist  in  maintaining  some  essential  physical  characters  of  the 
blood ; and,  lastly,  it  plays  a highly  important  part,  in 
causing  the  coagulation  of  this  fluid.  To  this  change  in 
the  blood,  the  character  and  causes  of  which  will  be  here- 
after discussed,  the  first  closure  of  the  orifices  of  bleeding 
arteries  and  veins  is  often  due,  and  further  haemorrhage  is 
thus  arrested.  Moreover,  in  most  acts,  especially  in  the  union 
of  divided  parts,  and  in  the  healing  of  sores,  the  fibrin  con- 
tained in  the  exuded  plasma,  coagulates,  forming  the  first  bond 
of  union,  and  a matrix  in  which  nuclei  or  nucleated  cells  are 
developed ; further  reparative  changes  then  ensue,  according  to 
the  tissue  which  is  the  seat  of  reparation.  But  the  coagulation  of 
exuded  fibrin  in  the  living  animal  economy,  though  often  bene- 
ficial, sometimes  induces  injurious  consequences  to  the  system, 
as,  for  example,  in  adhesive  inflammation  of  the  peritomeum, 
by  which  the  intestines  and  other  organs  become  adherent,  or 
constricted  by  bands  of  newly-formed  tissue,  which  interfere 
with,  or  altogether  hinder,  their  proper  movements  and 
actions,  in  similar  adhesions  between  the  lungs  and  the  side 
of  the  chest,  between  the  heart  and  the  pericardium,  and  also, 
and  still  more  strikingly,  in  the  attachment  of  the  iris  to  the 
capsule  of  the  lens,  or  other  parts  within  the  eyeball,  even 
causing  blindness  by  the  complete  closure  of  the  pupil.  Not 
only  fibrinous  exudations  from  the  vessels,  but  even  extrava- 
sated  blood  itself,  may  coagulate  within  the  tissues ; by  some, 

u 2 


‘292 


SPECIAL  PHTSIOLOGT. 


it  is  maintained  that  it  may  itself  become  the  seat  of  subse- 
quent organisation. 

The  fatty  matter  of  the  blood,  which  is  of  various  kinds,  is 
highly  nutritive,  scarcely  any  tissue  being  altogether  destitute 
of  fat  in  larger  or  smaller  quantity.  Phosphorised  fats  espe- 
cially abound  in  the  nervous  substance,  and  exist  in  the  red 
corpuscles  of  the  blood.  Fat  is  always  present  in  newly- 
forming  tissues  and  newly-forming  cells,  the  nuclei  of  which 
often  contain  fatty  particles  surrounded  by  an  albuminous 
deposit.  Fatty  matter  is  found,  too,  not  only  in  the  fluid  parts 
of  the  blood,  but  also  in  the  organised  morphological  elements, 
the  blood  corpuscles,  especially  in  the  red  ones.  It  was  ob- 
served by  Ascherson,  that  when  oleaginous  sitb.stances  are 
agitated  with  albuminous  solutions,  the  fatty  matter  breaks 
up  into  minute  particles,  surrounded  by  a film  of  albu- 
men ; and  he  believed  that  some  such  physical  combina- 
tion of  oleaginous  and  albuminous  mutter,  might  explain 
the  formation  of  the  lowest  morphological  elements,  such  as 
granules,  and  even  of  certain  nuclei,  though  not  the  origin  and 
growth  of  cells  themselves.  AVithout  adopting  this  view,  it 
may  be  admitted  that  fatty  matter  is  essential  to  all  nuclear 
and  cell  growth,  and  to  every  process  of  tissue  formation,  even 
to  the  assimilation  of  albuminous  matter ; for  fat  globules  are 
always  present  in  the  ovum  or  germ-cell  of  every  animal.  Fat 
is  necessary  to  the  formation  of  certain  secretions,  as  of  the  bile, 
milk,  and  sebaceous  matters  of  the  skin.  The  bile  contains  a 
very  large  qrtantity  of  fatty  acids.  It  is  possible  that  fat  itself 
may  be  derived  from  other  constituents,  as  from  albuminoid, 
amyloid,  or  saccharine  matter.  The  great  value  of  oleoids. 
especially  of  such  as  are  easily  digested,  absorbed,  and  assimi- 
lated, is  exemplified  in  the  beneficial  action  of  cod-liver  oil 
in  tuberculous  diseases.  Besides  its  use  as  a nutritive  sub- 
stance, the  fat  of  the  blood  is  probably  also  constantly  subject 
to  oxidation,  for  the  production  of  animal  energy  and  heat. 
But  there  are  other  substances  in  the  blood,  which  are  pro- 
bably even  more  easily  oxidated  than  its  fats. 

Arterial  blood  does  not  contain  any  amyloid  substance : but 
traces  of  sugar  are  present  in  it.  This  is  formed  in  the  liver, 
but  also,  it  would  seem,  in  the  muscles,  and  probably  in 
other  parts;  it  is  also  taken  up  from  the  food.  Nevertheless, 
the  quantity  present  is  small ; it  is,  perhaps,  less  concerned  in 
nutrition  than  in  the  production  of  heat  and  motion  bv  its 
rapid  oxidation.  It  may,  however,  take  part  in  the  formation 
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of  milk.  The  inosite,  lactic  acid,  creatin,  and  creatinin,  and 
other  extractives,  are  probably  not  so  much  directly  nutritive, 
as  stimulating,  or  excretive ; they  all  represent  stages  of 
chemical  retrogression,  from  less  to  more  oxidised  compounds, 
and  may,  by  their  further  oxidation,  assist  in  the  evolution  of 
heat.  As  completely  effete  and  non-nutritious,  or  even 
poisonous,  must  be  classed,  the  urea,  detectable,  in  minute 
traces  in  the  blood,  as  well  as  the  ammonia  Avhich  escapes  from 
it  when  it  is  drawn,  and  the  uric  acid,  all  of  which  are  ex-, 
cretory  substances. 

The  salts  of  the  blood  are  said  to  prevent  its  decomposition, 
and  also  to  regulate  its  chemical  characters  and  its  specific 
gravity  or  density,  so  as  to  adapt  it  to  the  healthy  condition  of 
the  liquor  sanguinis  and  blood  corpuscles  floating  in  it.  It  is 
well  known  that  certain  salts  are  preservative,  and,  likewise, 
that  if  the  blood  corpuscles  be  suspended  in  a fluid  of  too  low 
a specific  gravity,  they  immediately  become  distended,  a pro- 
cess of  endosmosis  going  on  into  them  ; whereas,  if  the  fluid  be 
of  too  high  a specific  gravity,  they  shrink  by  exosmosis.  But 
neither  of  these  supposed  uses,  explains  the  great  variety  of 
the  saline  constituents  of  the  blood ; for  one  saline  substance 
alone,  say  common  salt,  would  have  sufficed  for  both  these 
prrrposes.  Several  uses  are  probably  served  by  this  variety. 
Thus,  some  salts,  perhaps,  are  necessary  for  the  maintenance 
of  the  properties  of  blood ; others  are  destined  for  the  nutrition 
of  certain  tissues,  or  the  formation  of  certain  secretions ; whilst 
others  again  appear  to  be  the  result  of  the  disintegrating  and 
oxidating  processes  going  on  in  the  tissues  and  organs  of  the 
body,  during  the  exercise  of  their  respective  functions. 

Thus,  common  salt,  or  chloride  of  sodium,  appears  to  be  pre- 
sent in  the  blood  of  all  animals,  and  in  every  tissue.  Its  great 
importance  is  evidenced  by  the  tenacity  with  which  it  is  hcdd  in 
the  bodies  of  animals,  and  accmmflates  in  their  blood  and  tissires, 
even  when,  as  in  the  case  of  the  herbivorous  species,  the  Ibod 
Avhich  they  consume,  contains  comparatively  minute  traces  of  it. 
The  strong  necessity  and  a ppetite  for  salt,  felt  by  the  herbivorous 
Mammalia,  is  shown  by  their  licking  lumps  of  that  substance, 
or  boiled  bones,  scattered  about  their  pastures ; and  also  by 
the  periodical  migrations  of  herds  of  cattle  to  the  salt  districts 
in  South  America — facts  which  indicate  that  salt  is  indispens- 
able for  the  healthy  condition  of  the  blood,  and  of  the  tis.sues 
which  are  nourished  from  it.  It  Avould  seem,  indeed,  that 
chloride  of  sodiinn  is  associated  with  every  important  act  of 
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tissue  formation  and  change.  Of  the  secretions,  all  exhibit 
minixte  traces  of  salt ; but  the  gastric  juice,  in  particular,  con- 
tains an  acid — the  hydrochloric — derivable  only  from  the  salt 
of  the  blood  ; for  the  quantity  of  chloride  of  potassixim,  as 
compared  with  the  chloride  of  sodium,  in  the  blood,  is  so  small, 
that  it  may  be  inferred  that  the  latter  is  the  source  of  this 
acid  of  the  gastric  juice.  The  large  quantity  of  soda  present 
in  the  bile,  in  combination  with  its  fatty  acids,  is  probably 
also  derived  from  the  common  salt  in  the  blood ; the  separation 
of  the  chlorine  from  this,  for  the  formation  of  the  hydrochloric 
acid  of  the  gastric  juice,  maybe  accompanied  by  the  transference 
of  the  sodium,  in  the  shape  of  soda,  to  the  hepatic  cells,  for 
combination  with  the  biliary  acids.  Again,  the  lime  salts  in 
the  blood,  chiefly  the  phosphate  of  lime  with  carbonate,  held  in 
solution  in  lactic  and  carbonic  acids,  are  highly  important 
nutritive  substances,  being  found  in  all  growing  tissues ; as 
is  well  known,  they  are  especially  deposited,  as  a consoli- 
dating material  essential  to  the  formation  of  the  skeleton,  and 
of  the  dentine  and  enamel  of  the  teeth.  Of  these  tissue.'^, 
although  the  enamel  undergoes  no  nutritive  change  after  it 
has  been  formed,  and  the  dentine  very  little,  the  hones  are 
constantly  exhibiting  very  active  metamorphoses.  Carbonate 
of  lime,  phosphate  of  magnesia,  and  sihcates  and  fluorides,  are 
usually  associated  with  the  phosphate  of  lime. 

But  there  are  other  salts,  such  as  the  jyJiosphates  and  sul- 
phates, both  of  potash  and  soda,  which,  probably,  are  derived 
from  the  oxidation  of  the  phosphorus  and  sulphur  contained 
in  the  phosphorised  fatty  matters  found  in  the  red  corpuscles, 
and  especially  in  the  nervous  tissues,  and  in  the  sulphuretted 
albuminoid  substances  existing  in  muscle  and  brain.  The 
phosphorus  and  sulphur  in  these  compounds,  are  either  directly 
oxidised,  and  combined  with  soda  or  potash,  or  else  they  pass 
first  into  intermediate  substances,  such  as  the  highly  sul- 
phuretted substance,  the  taurin  of  the  bile.  If  carbonates  of 
soda  or  potash  exist  in  the  blood,  they  also  are  probably  not 
nutrient,  but  represent  the  results  of  chemical  retrogressive 
metamorphoses  in  the  blood  and  tissues.  Moreover,  the  phos- 
jxhate  of  soda,  which  has  an  alkaline  reaction,  and  any  carbo- 
nate of  soda  xvhich  may  be  present  in  the  blood,  serve  very 
important  and  special  uses  in  that  fluid,  helping  to  dissolve 
the  albumen,  to  favour  the  chemical  oxidation  of  many  sub- 
stances in  the  blood,  the  absorption  of  gases,  and  the  pas- 
sage of  the  nutrient  p>lasma  through  the  walls  of  the  capillaries. 


USES  OF  THE  GASES  OF  THE  BLOOD. 
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The  salts  of  potash  are,  it  wonld  seem,  absolutely  necessary  to 
the  nutritive  changes  which  occur  in  muscular  tissue.  The 
importance  of  potash  especially,  in  preserving  the  healthy  con- 
dition of  the  blood,  perhaps  by  determining  or  aiding  the  chemi- 
cal actions  necessary  for  that  end,  is  illustrated  in  the  beneficial 
effects  of  fresh  vegetables  and  fruits,  as  articles  of  food.  They 
especially  abound  in  neutral  or  acid  salts  of  potash  ; and  a diet 
from  which  they  are  absent,  if  long  used,  induces  that  condi- 
tion of  the  blood,  which  causes  scurvy  or  scorbutus.  The 
employment  of  neutral  salts  of  potash,  aids,  at  least,  in  the  cure 
of  this  disease  ; but  it  is  more  effectually  remedied  by  the  use 
of  lime  juice,  potatoes,  or  fresh  vegetables  themselves.  Hence, 
perhaps,  a vegetable  diet  operates  on  the  blood  and  tissues,  in 
some  other  mode  than  by  the  potash  in  which  it  abounds. 

Of  the  gases  contained  in  the  blood,  the  nitrogen  is  pro- 
bably indifferent,  and  without  special  office,  its  relative 
proportion  constantly  varying,  both  in  arterial  and  venous 
blood.  On  the  other  hand,  the  oxygen  must  be  regarded  as 
an  agent  of  the  highest  importance.  It  purifies  the  blood, 
and,  dissolved  in,  or  combined  with,  the  cruorin  of  the  red  cor- 
puscles, is  by  them  carried  through  the  system,  and  operates 
on  all  the  tissues.  Its  action  is  not  so  much  to  contribute  to 
the  formation  of  tissue,  by  being  combined  with,  or  fixed  in,  the 
tissues  in  the  act  of  morphosis,  as  to  stimulate  the  tissue  ele- 
ments, especially  those  of  the  nervous  and  muscular  tissues,  to 
their  proper  functions,  causing  chemical  changes  or  oxidations  of 
their  substance,  or  of  the  blood  passing  through  them,  essential 
to  their  action,  and  more  or  less  destructive  of  their  substance. 
So  essential  is  oxygen  for  this  purpose,  that  the  deprivation  of 
it,  for  but  a few  minutes,  is  fatal  to  the  life  of  these  two  tissues. 
As  to  the  carbonic  acid  gas  of  the  blood,  not  only  is  it  neither 
nutrient  nor  stimulant,  but  it  is  the  chief  ultimate  product  of 
the  oxidation  of  the  tissues,  being  probably  derived,  however, 
from  the  oxidation  of  intermediate  compounds,  into  which 
the  materials  of  the  used-itp  blood  and  tissues  break  down.  It 
is  the  ultimate  effete  form  in  which  most  of  the  decomposed 
carbonaceous  substances  are  eliminated  from  the  body.  It  is 
an  impurity  in  the  blood,  which  requires  to  be  incessantly  ex- 
pelled from  it,  and,  indeed,  is  so  displaced  by  the  aid  ot’  the 
oxygen  in  respiration.  Under  its  influence,  the  scarlet  colour 
and  the  other  properties  of  arterial  blood,  are  changed,  and  the 
blood  becomes  dark  and  venous.  It  is  so  detrimental  to  the 
life  of  both  the  nervous  and  muscular  tissues,  that,  in  cases  of 
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asphyxia,  in  which  it  ceases  to  be  eliminated  by  the  lungs, 
death  seems  rather  to  take  place  from  the  poisonous  nature  of 
the  accumulated  carbonic  acid,  than  from  the  mere  absence  of 
the  nutritive,  or  stimulating  and  vivifying,  oxygen. 

The  nutritive  properties  of  the  blood,  differ  according  to 
many  circumstances,  being  influenced  by  the  character  of  that 
fluid,  the  age,  sex,  temperament,  habits  as  to  exercise  and  occu- 
pation, the  constitutional  state,  and  the  nature  of  the  food. 
Thus  arterial  blood  is  more  nutritive  and  stimulating  than 
venous  blood,  which  will  not  long  support  life,  especially  that 
of  the  nervo-muscular  apparatus.  Arterial  blood  not  only 
contains  more  oxygen,  and  less  carbonic  acid;  but  its  liquor 
sanguinis  is  richer  in  fibrin,  and  its  corpuscles  contain  more 
cruorin  and  saline  substances,  and  much  less  fat — their  total 
solid  matter  being  less  than  that  of  the  corpuscles  in  venous 
blood.  The  fluid  part  of  arterial  blood,  also  contains  less  fat, 
but  more  saccharine  and  extractive  matters.  Again,  the  blood 
is  less  rich  in  childhood  than  before  birth  ; its  corpuscles  in- 
crease, however,  at  puberty,  but,  alter  fifty  years  of  age,  again 
diminish.  The  blood  is  richer  in  solid  contents,  especially  in 
red  corpuscles,  in  men  than  in  women ; the  same  is  true  of 
plethoric  and  sanguine  persons,  as  compared  with  those  of 
lymphatic  or  serous  constitution.  The  qitantity  of  the  fatty 
matter,  is  more  influenced  by  the  diet,  than  that  of  the  other 
organic  proximate  constituents.  Exercise  in  the  open  air, 
purifies  and  oxygenates  the  blood.  This  fluid  is,  of  coiu'se, 
profoundly  modified  in  disease. 


Hcemorrliage  or  Loss  of  Blood. 

The  escape  of  blood  from  its  vessels  into  the  surrounding 
tissues,  is  named  exti'avasation ; if  into  one  of  the  cavities  of 
the  body,  or  externally,  it  is  named  luemorrhage.  The  loss 
of  from  four  to  six  pounds  of  blood,  from  one  or  more  of  the 
great  vessels,  Avill  generally  prove  fatal  to  an  adult ; but  if 
the  htemorrhage  be  slower,  much  larger  quantities  may  be 
drawn  from  the  blood-vessels,  without  a directly  fatal  issue. 
Death  from  sudden  htemorrhage,  is  caused  by  the  want  of 
sufScient  blood  to  supply  the  nervous  centres,  so  that  fatal 
syncope,  i.e.  fainting,  takes  place ; when  death  occurs  from 
prolonged  htemorrhage,  it  is  not  from  a defective  supply  of 
nutriment  to  the  tissues  generally,  but  from  a slow  exhaustion 
of  the  nervous  and  muscidar  power,  affecting  the  brain,  spiu;d 
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cord,  and  heart,  due  to  a deficient  supply  of  nutriment  and  of 
oxygen  to  them,  in  consequence  of  the  diminution  in  the 
number  of  the  red  corpuscles. 

Everyone  should  he  acquainted  with  the  various  forms  of  accidental 
hsemorrhage,  and  their  impromptu  treatment.  If  it  he  general  oozing 
from  small  vessels,  which  is  easily  recognised,  and  if  it  proceed  from  a 
part  to  which  pressure  can  be  applied,  a handkerchief  closely  folded  into 
the  form  of  a pad,  and  firmly  hound  over  the  spot  by  another  handker- 
chief, will  generally  suffice  to  staunch  the  bleeding  for  a time ; the  part 
should  then  be  kept  elevated  and  at  rest.  In  haemorrhage  from  a vein, 
the  blood  is  dark,  and  the  stream  flows  continuously,  welling  up  over 
the  surface.  Moreover,  pressure  with  the  finger  on  the  side  of  the 
wound  further  ,/ro»i  the  heart,  will  almost  entirely  arrest  the  bleeding ; 
whilst  if  pressure  be  applied  on  the  side  of  the  wound  next  to  the  heart, 
the  fiow  of  blood  becomes  more  copious.  To  arrest  venous  hsemorrhage, 
a small  thick  pad  should  be  applied  upon  the  wound,  so  as  to  extend  a 
little  to  the  side  further  from  the  heart ; this  should  be  firmly  secured  by 
a handkerchief  or  bandage ; the  chief  pressru’e  must  be  made  on  the 
side  of  the  wound  away  from  the  heart,  because  that  is  the  direction 
from  which  the  blood  flows.  Arterial  hsemorrhage  is  known  by  the 
blood  being  bright,  and  projected  in  a jet  from  the  wound,  sometimes 
to  a considerable  distance,  usually  by  jerks,  though,  if  the  artery  be 
very  small,  there  are  merely  slight  intermissions  in  the  force  of  the  jet, 
and,  in  wounds  of  very  minute  arteries,  the  jet  is  continuous.  Moreover, 
pressure  on  the  side  of  the  wound  further  from  the  heart,  has  no  effect 
on  the  stream  ; but  pressure  on  the  side  nearer  the  heart,  stops  it.  To 
arrest  arterial  hfemorrhage  from  a small  artery,  therefore,  a pad  of 
suitable  size  should  be  applied  upon  the  wound,  and  extend  also  on 
the  side  next  to  the  heart ; it  must  be,  not  merely  firmly,  but  tightly 
bound  by  a handkerchief  or  suitable  bandage.  If  the  artery  be  large 
and  deep  seated,  very  forcible  pressure  becomes  necessary,  and  in  order 
to  communicate  this  specially  to  the  artery  itself,  a small  thick  and  un- 
yielding kind  of  pad  is  necessary.  This  should  be  made,  not  by  folding 
a hankerchief,  but  by  rolling  it  up  as  tightly  as  possible,  with,  or  with- 
out, some  firm  substance  enclosed  within  it.  Beneath  the  handlcerchief 
used  as  a bandage,  a short  stick  may  be  inserted  on  the  side  of  the  limb 
opposite  to  the  wound,  and  then  be  twisted  round,  so  as  to  increase  the 
pressure. 

These  directions  apply  to  veins  and  arteries  situated  in  the  limbs. 
Upon  the  head,  simple  pressiu’e  with  the  thumb  or  finger,  will  suffice  to 
stop  bleeding  from  either  kind  of  vessel,  because  the  bones  of  the 
cranium  afford  a perfect  means  of  counter-pressure.  Wounds  of  the 
large  vessels  of  the  neck,  require  very  special  management ; but,  as  a 
general  rule,  direct  pressiu’e  with  a pad,  maintained  in  its  place  by  the 
thumb,  is  the  best  means  to  have  recourse  to,  until  proper  assistance,  by 
forceps  and  ligature,  can  be  afforded. 

In  cases  of  sudden  and  great  loss  of  blood,  living  blood, 
drawn  from  the  veins  of  another  person,  has  been  injected 
into  the  veins  of  those  suffering  from  the  hteniorrhage.  This 
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is  knoAvn  as  the  transfusion  of  Hood.  T'wo  htmdred  years 
ago,  Lowei'  (1665)  suggested  this  operation,  having  found 
that  animals,  apparently  dead  from  haemorrhage,  were  quickly 
revived,  when  blood,  taken  from  another  animal,  was  imme- 
diately injected  into  the  veins.  As  an  operation  upon  the 
human  subject,  transfusion  was  perfected  by  Dr.  Blundell. 
The  blood  received  into  a warmed  funnel  connected  with  a 
proper  syringe,  is  immediately  transferred  to  the  veins  of  the 
patient,  no  time  being  permitted  for  the  occurrence  of  coagu- 
lation. The  I'ecords  of  fifteen  cases  of  the,  saving  of  life  by 
this  operation,  have  been  collected  by  Bedard.  In  experi- 
ments on  animals,  it  is  better  to  defibrinate  the  blood,  so  as  to 
prevent  coagulation ; the  process  of  whipping  the  blood,  also, 
to  a certain  extent,  oxygenates  the  blood.  It  has  been  sup- 
posed that  the  fibrin  itself  is  injurious ; but  the  better 
oxygenation  of  the  beaten  defibrinated  blood,  may  account  for 
its  apparent  superiority.  Arterial  blood  has  been  shown  to 
have  a greater  restorative  or  stimulating  effect,  than  venous. 
The  serum  of  the  blood  is  useless  for  the  purposes  of  trans- 
fusion. Water  has  also  no  effect,  unless  it  be  used  warm  ; it  is 
useful  when  the  blood  is  loaded  with  carbonic  acid,  as  in  as- 
phyxia, or  cold  and  already  thick  or  tarry,  owing  to  loss  of  water, 
as  in  cholera.  Solutions  of  common  salt,  or  of  salts  selected 
so  as  to  imitate  those  of  the  blood,  yield  surprising,  but  only 
temporary,  restorative  results.  The  blood  of  one  IMammalian 
species,  may  be  injected,  with  impunity,  into  the  veins  of  an- 
other species ; and,  contrary  to  what  was  formerly  supposed, 
blood  possessing  oval  red  corpuscles,  such  as  the  blood  of 
Birds,  does  not  prove  fatal  when  injected  into  the  veins  of 
Mammals,  in  which  the  red  corpuscles  are  circular,  provided 
the  injected  blood  be  arterial,  and  not  venous,  nor  previously 
agitated  with  carbonic  acid  (Bischoff).  Blood  taken  from  a 
starving  animal,  is  highly  injurious,  if  injected  into  the  veins 
of  another,  causing  peculiar  symptoms,  apparently  referrible 
to  the  effects  of  decayed  or  decomposed  animal  matter  (Ber- 
nard). Hence  the  animal,  or  person,  subjected  to  transfusion- 
experiment,  or  operation,  should  be  in  good  health,  and  re- 
cently well  fed ; for  then,  not  only  will  the  loss  of  blood  be 
better  supported,  but  the  blood  itself  tvill  be  newly  derived 
from  the  food  ; moreover,  owing  to  the  more  watery  character 
of  the  chyle,  as  compared  with  the  blood,  the  fibrin  in  the 
latter  will  be  diktted,  and  any  injnrious  influence  which  this 
substance  might  produce,  will  be  diminished. 
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The  accidental  injection  of  air  with  the  blood,  into  the  veins, 
has  probably  been  the  cause  of  the  fatal  results  in  some  trans- 
fusion experiments.  Air  so  injected,  or  introduced  by  wounds 
of  the  veins  in  the  neck,  when  it  reaches  the  heart,  is  sjieedily 
fatal,  either  by  mechanically  interfering  with  the  functions  of 
the  valves,  or  by  chemically  failing  to  excite  contraction,  like 
pure  blood ; or  it  may  induce  coagulation,  or  obstruct  the 
pulmonary  capillaries,  after  it  has  been  driven  Avith  the  blood, 
in  the  state  of  froth,  through  the  pulmonary  arteries. 


Vitality  of  the  Blood. 

The  blood,  as  it  exists  in  the  vessels  of  a living  animal,  is 
not  a mere  physical  and  chemical  mixture  of  certain  substances 
adapted  to  the  nutritive  wants  of  the  rest  of  the  body  ; but, 
with  or  without  the  enclosing  capillaries,  it  is  an  organised  fluid 
tissue,  possessing  vitality  like  the  solid  tissues.  Its  corpuscles 
are  evolved  and  disintegrated,  like  the  other  structural  elements 
of  the  body.  As  we  shall  hereafter  see,  these  bodies  are  ori- 
ginally developed  simultaneously  with  the  earliest  vessels  of 
the  embryo,  and  the  loss  to  which  thej''  are  subject  during  life, 
is  repaired  by  corpuscles  newly  formed  in  the  system.  The 
physiological  endowments  of  these  corpuscles,  especially  of 
the  red  ones,  are  quite  peculiar,  and  are  as  characteristic  as 
those  of  any  of  the  structm-al  elements  of  the  solid  tissues. 
With  regard  to  the  liquor  sanguinis,  in  which  the  corpuscles 
float,  it  also  has  vitality,  and  must  be  regarded  as  the  liquid, 
inter-cellular,  or  inter-nuclear,  matrix  of  a fluid  tissue  ; for  it 
is  originally  elaborated,  with  the  corjauscles,  in  the  interior  of 
conjoined  nucleated  cells.  The  vitality  of  the  bquor  san- 
guinis, is,  probably,  however,  like  that  of  the  intra-,  or  inter- 
cellular parts  of  the  solid  tissues,  dependent  upon  its  corpuscles, 
gymnoplasts,  or  nuclei,  which  are  its  real  centres  of  growth  ; 
just  as  the  semi-fluid  nervous  substance,  the  somewhat  firmer 
sarcous  elements,  the  areolar  fibres,  and  the  yet  denser  matrix 
of  cartilage,  or  the  solid  deposit  of  osseous  tissue,  appear  to 
be  dependent  upon  the  nuclei  proper  to  those  tissues  respec- 
tively. 

The  vitality  of  the  blood,  is  merely  a vegetative  life,  its 
inherent  vital  properties  being  strictly  nutritive,  and  including 
neither  contractility  nor  sensibility.  The  fluidity  of  the 
liquor  sanguinis,  is  an  indispensable  condition  to  the  life  of 
the  whole  body,  and  such  vitality  as  it  or  the  corpuscles 
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possess,  must  be  constantly  exercised  in  the  maintenance  of 
that  condition.  So,  reciprocally,  the  persistence  of  the  vital 
properties  of  the  blood,  implies,  ■within  certain  limits,  the 
maintenance  of  its  peculiar  fluid  state  and  chemical  constitu- 
tion. Yet,  as  'we  shall  immediately  see,  the  remarkable  change 
■which  takes  place  in  one  constituent  of  the  liquor  sanguinis — 
viz. : in  the  fibrinogen,  or  fibrin,  ■^vhicli,  ■^vhen  blood  is  dra'svn 
from  the  body,  solidifies  into  delicate  fibrils,  and,  entangling 
the  corpuscles,  gives  rise  to  the  phenomenon  known  as  the 
coagulation  of  the  blood — ^is,  by  many  eminent  physiologists, 
regarded  as  a vital  act. 


The  Coagulation  of  the  Blood. 

This  phenomenon,  already  elsewhere  noticed  (Yol.  I.  p.  65), 
does  not  consi.st  of  a solidification  of  all  the  elements  of  the 
blood,  but  of  that  of  the  fibrin  alone,  of  which  on  an  average  not 
above  3 pai'ts  exist  in  1000  of  blood.  The  efiects  of  this  change 
in  so  small  a quantity  of  fibrin,  are  very  remarkable.  A few 
minutes  after  blood  is  drawn  from  a vein  or  artery,  it  appears 
to  set,  or  stiffen,  into  a red  jelly-like  mass  or  clot-,  from  the 
surface  of  this,  yellowish  transparent  drops  of  fluid  very  soon 
exude,  Avhich  then  run  together  in  little  pools ; the  red  mass 
slowly  shrinks,  forces  more  and  more  of  the  transparent  fluid 
from  it,  becomes  more  and  more  solid,  and,  at  the  end  of  from 
twenty-four  to  forty-eight  hours,  constitutes  a clot  equal  in 
bulk  to  about  one-third  of  the  total  volume  of  the  blood,  the 
rest  now  consisting  of  the  yellow  fluid,  which  is  named  the 
serum.  This  serum  contains  most  of  the  water,  besides  the 
albumen,  salts,  and  e.xtractives  of  the  blood;  whilst  the  clot, 
coagiflum,  or  crassamentum,  is  composed  of  the  fibrin,  together 
with  the  red  and  Avhite  corpuscles.  The  clot  still  contains, 
hoAvever,  some  serum,  and,  in  order  to  remove  this,  it  is  neces- 
sary to  lift  it  from  that  fluid,  cut  it  in  pieces,  and  drain  it 
upon  a proper  filter. 

The  composition  of  the  clot  and  serum,  may  be  inferred 
from  the  facts  stated  in  p.  90,  Yol.  I.  Y"hen  portions  of  the 
clot  are  examined  under  the  microscope,  the  solidified  fibrin 
is  seen  in  the  form  of  exceedingly  minute  fibrillffi,  not  more 
than  the  ■30000th  or  ^ 0000th  of  an  inch  in  diameter,  nearly 
straight,  subdividing  dichotomously,  and  sometimes  assuuiing 
the  appearance  of  rows  of  minute  particles.  These  fibrilla; 
are  most  perfect,  Avhen  the  blood  coagulates  slowly.  The  red 
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corpuscles  in  the  clot,  are  no  longer  separate  from  each  other, 
so  as  to  be  freely  mobile,  as  in  the  circulating  blood,  but  have 
run  together  in  adherent  masses  or  columns,  which  have  been 
compared  to  overlapping  rows  or  piles  of  coins ; the  white 
corpuscles  are  also  entangled,  but  not  in  groups,  though,  under 
certain  circumstances,  they  collect  more  abundantly  in  the 
upper  part  of  the  clot. 

As  freshly  drawn  blood  coagulates,  it  gives  off  a vapour 
known  as  the  halitus  of  the  blood.  A minute  quantity  of 
ammonia  escaping  in  this  halitus,  is  also  evolved  (Richardson). 
No  carbonic  acid  escapes,  as  was  once  supposed.  An  odour, 
often  characteristic  in  the  case  of  different  animals,  is  likewise 
perceptible,  not  so  much  during  the  coagulation  of  the  blood, 
as  before  that  event  takes  place,  when  the  blood  is  hottest. 
During  coagulation,  no  heat  is  evolved,  the  temperature  of 
the  blood,  indeed,  being  already  lowered,  more  or  less,  before 
this  phenomenon  begins. 

The  coagulation  of  the  blood  is  influenced  by  many  cir- 
cumstances, which  determine  its  rapidity,  and  modify  the 
characters  of  the  clot  itself,  as  to  form,  colour,  and  consistence. 

The  external  conditions  which  accelerate  the  formation  of 
the  clot,  are  rest,  or,  on  the  contrary,  very  active  stirring, 
moderate  increase  of  heat,  exposure  of  the  blood  to  air,  its 
slow  escape  from  an  artery  or  vein,  its  receptioir  into  shallow 
vessels,  and  contact  with  rough  or  multiplied  surfaces,  or  with 
foreign  solid  bodies,  and,  in  certain  cases,  its  slight  dilution 
with  water.  Within  the  body,  the  circumstances  which 
favour  the  coagulation  of  the  blood,  are  certain  enfeebled 
states  of  the  system,  frequent  bleedings,  laceration  of  the 
vessels  from  which  the  blood  escapes,  inflammation  of  the 
coats  of  the  vessels,  or  of  the  lining  membrane  of  the  heart, 
and  so  called  atheromatous,  or  other  deposits,  upon  the  vessels 
or  upon  the  valves. 

On  the  other  hand,  coagulation  is  retarded,  or  interrupted, 
by  movement,  cold,  heat  beyond  a certain  temperature,  the 
exclusion  of  air,  as  by  covering  the  blood  with  a stratum  of 
oil,  its  rapid  escape  from  a vein  or  artery,  its  reception  into 
deep  vessels,  its  contact  with  smooth  surtaces,  its  exemption 
from  the  intrusion  of  foreign  solid  bodies,  and  also  by  the 
addition  of  strong  solutions  of  neutral  alkaline  salts,  or 
of  minute  quantities  of  ammonia.  Moreover,  it  is  retarded 
by  the  admixture  of  certain  vegetable  substances  containing 
narcotic  and  sedative  alkaloids,  such  as  opium,  hyoscyamus, 
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belladonna,  aconite,  and  digitalis,  and  even  by  strong  infusions 
of  tea  and  coffee.  In  the  case  of  the  addition  of  strong  solu- 
tions of  neutral  salts,  and  of  many  other  substances,  subse- 
quent dilution  of  the  mixed  blood,  by  adding  water  to  it,  is 
followed  by  a feeble  coagulation.  The  internal  conditions 
wdiich  retard  coagulation,  are  certain  inflammatory  states  of 
the  system,  perfect  smoothne.ss  of  the  interior  of  the  heart  and 
bloodvessels,  and,  above  all,  a healthy  condition  of  their  lining 
membrane. 

Although  rest,  as  when  drawn  blood  is  set  aside,  is  favour- 
able to  coagulation,  and  moderate  agitation,  as  when  the  blood 
is  gently  shaken  in  a bottle,  delays  this  act,  it  is  remarkable 
that  stirring  blood  rapidly  with  a rod,  or  tvkipping  it  with  a 
bundle  of  sticks  or  wires,  causes  the  fibrin  quickly  to  coagu- 
late in  thready  masses  on  the  rod ; this  is  the  usual  method 
of  defibrinating  blood,  which  afterwards  remains  fluid,  or 
forms  but  a very  soft  imperfect  second  coagulimi.  The  effect 
of  Avhipping,  depends  on  the  rapid  and  frequent  contact  of 
the  multiplied  surfaces  of  the  wires  Avith  the  blood.  Again,  a 
temperature  varying  from  100°,  or  the  natural  temperature  of 
the  blood,  up  to  120°,  accelerates  coagulation,  but  a greater 
heat  retards  it;  at  150°  this  property  of  the  fibrin,  is  said  to 
be  permanently  destroyed,  AAdiilst,  above  that  temperature,  the 
albumen  of  the  blood  itself  coagulates.  When  blood  is  aUoAved 
to  cool,  its  coagulation  is  retarded  in  proportion  to  the  degree 
of  cold  to  which  it  is  subjected;  at  27^°,  or  below  the 
freezing  point  of  AA’ater,  it  solidifies;  and  if  it  has  not  been 
previously  alloAved  to  coagulate,  and  the  freezing  process  is 
rapidly  completed,  it  will  coagulate  on  being  thaAved.  The 
coagulating  property  is,  therefore,  proportionally,  sooner  de- 
stroyed by  an  elevation  than  by  a loAvering  of  the  temperature 
of  the  blood  ; moreover,  frozen  blood  ma_y  be  preserved  for  a 
long  time,  and  yet  retain  its  poAver  of  coagulating  A\*hen  thaAved. 
The  influence  of  exposure  to  air,  in  accelerating  the  coagula- 
tion of  the  blood,  probably  exjdains  the  corresponding  effects 
of  the  slow  escape  of  the  blood  from  the  A-essels,  and  of  its 
reception  into  shalloAV  basins.  These  conditions  do  not  act 
by  loAvering  the  temperature,  for  that  Avoidd  retard  coagula- 
tion, nor  by  the  escape  of  the  halitus  merely  ; but  it  has  been 
suggested  that  they  operate  by  favouring  the  escape  of  am- 
monia from  the  blood.  All  conditions  Avhich  facilitate  the 
escape  of  vapour  or  gas  from  the  blood,  certainly  favour  its 
coagulation.  Thus,  coagulation  occui's  in  a A'acuum,  a fact 
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which  shows  that  the  presence  of  air  is  not  necessary,  a con- 
dition too  which  would  favour  the  escape  of  ammonia ; but  it 
also  occurs,  and  even  more  quickly,  Avhen  the  blood  is  sub- 
jected to  increased  atmospheric  pressure.  Complete  exclusion 
from  air,  though  it  retards,  does  not  prevent  coagulation,  as 
blood  will  at  last  coagulate  in  closed  vessels,  and  even  within 
the  dead  body  shut  up  from  the  air.  The  rapid  escape  of 
blood  from  its  vessels,  and  its  reception  into  deep  glasses  or 
basins,  are  supposed  to  retard  coagulation,  by  affording  less 
opportunity  of  exposure  of  the  blood  to  the  air.  Of  all  the 
circumstances  which  hasten  the  formation  of  the  clot,  the 
multiplication  of  the  points  of  contact  with  solid  bodies  seems 
to  be  the  most  potent ; the  smallest  particle  of  thread  suffices 
to  induce  rapid  coagulation,  where,  in  the  absence  of  any 
foreign  body,  a much  slower  process  of  clotting  would  have 
occurred.  Blood  received  into  metal  or  earthenware  utensils, 
is  said  to  coagulate  sooner  than  when  received  into  glass 
vessels,  perhaps  owing  to  differences  of  roughness  of  the 
surface.  The  accelerating  effect  of  slight  dilution  and  the 
retarding  influence  of  the  addition  of  saline  solutions,  are  not 
well  explained;  they  may  operate,  simply  by  altering  the 
specific  gravity,  and  also  the  viscosity  of  the  blood.  The  re- 
tardation, or  prevention,  of  coagulation,  by  the  addition  of 
ammonia,  even  if  transmitted  through  the  blood,  in  the  form 
of  vapom-,  the  occurrence  of  coagulation  in  such  blood  when 
the  ammonia  escapes,  and  its  resumption  of  the  fluid  state 
on  the  introduction  of  fresh  ammoniacal  vapour — phenomena 
which  can  be  reproduced  several  times  over,  in  the  same 
blood — are  the  chief  facts  adduced,  together  with  the  known 
presence  of  ammonia  in  the  halitus  of  the  blood,  in  favour  of 
the  hypothesis  of  Dr.  Eichardson,  that  the  ammonia  is  the 
cause  of  the  fluidity  of  the  blood  in  the  body,  and  its  escape, 
the  immediate  occasion  of  coagulation  in  drawn  blood. 

The  mode  of  action  of  narcotic  and  sedative  poisons,  is  not 
understood.  The  more  rapid  coagulation  of  the  blood  in 
feeble  states  of  the  system,  does  not  depend  upon  an  increased 
quantity  of  the  fibrin  or  coagulating  substance,  but  rather  on 
the  dilute  or  watery  condition  of  the  blood.  On  the  other  hand, 
the  more  slowly  coagulating  blood  of  the  inflammatory  state, 
is  accompanied  by  an  actual  increase  in  the  quantity  of  fibrin, 
though  there  appears,  possibly  from  the  high  specific  gravity 
and  richness  of  the  blood,  to  be  a greater  resistance  to  the  act 
of  coagulation.  The  necessity  for  perfect  smoothness  of  the 
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interior  of  the  heart  and  bloodvessels,  in  order  to  prevent 
coagulation,  may  be  inl'eiTed  from  the  highly  polished  cha- 
racter of  their  epithelial  lining  ; the  influence  of  rough  surfaces 
in  their  interior,  in  determining  coagulation  of  the  blood,  is 
shown  by  the  small  coagida  formed  upon  excrescences  of  the 
valves  of  the  heart,  and  by  the  flakes  of  fibrin,  which  collect 
on  atheromatous  or  calcified  portions  of  vessels,  in  the  rough 
interior  of  aneurisms,  and  at  the  openings  of  lacerated  vessels, 
which  are  so  much  sooner  closed  by  coagula,  than  those 
which  are  cleanly  cut.  Coagula  have  been  induced  ex- 
perimentally in  animals,  in  the  interior  of  large  vessels,  by 
the  passage  of  needles,  Avires,  or  threads  into  such  A'essels: 
when  formed  in  an  artery,  the  coagulum  is  firm  and  elongated 
in  the  direction  of  the  blood  cui-rent,  whilst,  in  the  veins,  the 
clots  are  loose  and  massnm.  In  certain  cases,  during  life, 
especial  ly  during  the  last  hours  of  life,  such  coagula  may  form 
in  the  living  blood,  especially  Avhen  rottgh  excrescences  exist  on 
the  valves  of  the  heart.  The  influence  of  an  inflamed  con- 
dition of  the  coats  of  the  bloodvessels,  in  causing  coagulation 
of  the  fibrin,  has  been  referred  to  the  partial  loss  of  vitality,  or 
to  the  interruption  of  the  vdtal  processes,  in  the  inflamed  tissue, 
by  Avhich  it  is,  so  far,  approximated  to  the  state  of  inanimate 
matter.  The  injection  of  pus,  the  pulpy  substance  of  the  brain, 
and  other  semi-solid  matters,  into  the  bloodvessels  of  an  animal, 
rapidly  coagulates  the  blood,  a result  probably  attributable 
to  the  effects  of  contact  with  the  multiplied  surfaces  of  non- 
living matter. 

Blood  confined  in  a living  Amin  betAveen  tAA'o  ligatures,  retains 
its  fluidity  for  a long  time,  beginning  to  coagulate  commonly, 
after  from  3 to  b hours,  and  sometimes  cA’en  being  onlv  im- 
perfectly clotted  at  the  end  of  24  hours,  though  such  blood  will 
coagulate  in  a feAv  minutes  Avhen  withdraAvn  from  the  living 
vein.  If  the  vein  be  dead,  although  the  blood  is  equally  well 
excluded  from  the  air,  coagulation  takes  place  within  a quarter 
of  an  hour.  Experience  shoAvs  that  blood  may  be  retained  in 
occluded  Amssels,  and  yet  continue  fluid  for  a considerable  time, 
or  that  blood  may  be  exti-avasated  in  the  midst  of  the  living 
tissues,  and  yet  preserve  its  fluidity  for  many  days,  though  it 
Avill  soon  coagulate  Avhen  afterAvards  AvithdraAvn  from  the  bodv. 
From  these  and  other  facts,  it  has  been  inferred  that  the  living 
tissues  possess  some  special  property,  by  which  they  maintain, 
or  preserve,  the  fluidity  of  the  blood ; according  to  one  vieAv. 
they  actively  prevent  its  coagulation ; according  to  another. 


CHARACTEKS  OF  THE  COLOUR. 


305 


they  operate  negatively,  by  not  determining  that  process,  as 
dead  matter  would,  whether  it  were  an  inorganic  solid,  or  a 
dead  animal  substance,  such  as  brain  substance,  dead  muscle, 
or  pus.  The  poisons  and  the  modes  of  death,  which  influence  the 
coagulation  of  the  blood,  for  the  most  part  retard  or  prevent 
it.  Sudden  destruction  of  the  substance  of  the  brain  or  spinal 
cord  in  an  animal,  causes  coagulation  of  the  blood  even  in  the 
living  vessels,  in  which  clots  are  found  after  a few  minutes. 
The  poison  of  venomous  serpents,  appears  altogether  to  destroy 
the  coagulating  property  of  the  blood  ; narcotic  poisons,  and 
prussic  acid,  have  the  same  effect ; asphyxia  or  suffocation, 
whether  from  hanging,  drowning,  or  the  action  of  gases  unfit 
to  support  respiration,  also  cause  the  blood  to  remain  fluid 
after  death.  In  cases  of  death  by  lightning,  by  electric 
shocks,  by  blows  on  the  epigastrium,  or  after  a severe  chase, 
the  blood  has  been  said  not  to  undergo  coagulation  ; but  this 
seems  to  be  untrue,  the  blood  being  often,  though  not  always, 
found  fluid,  but  after  a time  undergoing  coagulation.  In  cholera, 
the  coagulation  is  also  postponed. 

The  form,  consistence,  and  colour  of  the  clot,  exhibit  manv 
varieties.  From  healthy  blood,  the  clot  is  flat  or  slightly 
concave  on  the  upper  surface,  especially  if  the  blood  has  been 
received  in  a shallow  basin,  when  the  clot  is  soft,  and  very- 
little  serum  exudes  from  it.  When  an  upright  vessel  is  used, 
the  surface  of  the  clot  is  a little  more  concave.  The  consist- 
ence of  a healthy  clot,  is  firm  and  -uniform ; its  colour  is  bright 
red  on  the  top,  from  exposure  to  the  air,  but  dark  in  its  lower 
portions.  In  inflammatory  diseases,  especially  in  pneumonia 
or  inflammation  of  the  lungs,  the  blood  is  very  rich  in  fibrin, 
containing,  instead  of  3,  above  5,  often  7,  and  even  as  many 
as  13  parts  in  1,000 ; nevertheless  it  coagulates  slowly,  and 
the  coagulura  presents  a remarkable  peculiarity  known  as 
the  huffy  coat.  Such  a coagulum  shrinks  more  than  usual, 
is  exceedingly  firm,  and  very  concave  on  its  upper  surface, 
forming  what  is  called  the  “ cup,"  Avhich  presents  a thick  layer 
of  a nearly  colourless,  yellowish,  or  greenish  yellow  hue,  the 
so-called  buff  or  huffy  coat.  This  coat,  and  the  cupped  form, 
are  more  marked  when  the  blood  is  received  into  a narrow  and 
deep  basin,  than  into  a shalloAV  one ; in  the  former  case,  the 
coagulation  is  sloAver,  and  in  the  latter  quicker,  as  with  healthy 
blood.  The  buffy  coat  is  very  firm  and  tough,  and,  when  ex- 
amined imder  the  microscope,  is  found  to  consist  of  fibril- 
lated  fibrin,  intermixed  with  many  Avhite  corpuscles ; from 
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some  cause,  the  red  corpuscles  partly  subside  before  the 
commencement  of  coagulation,  and  so  escape  being  entangled 
in  the  upper  portion  of  the  clot.  It  was  formerly  supposed 
that  the  slower  rate  of  coagulation  of  inflammatory  blood,  ac- 
counted for  this  subsidence  of  the  red  corpuscles  from  the 
upper  strata  of  the  fluid,  before  coagulation  took  place  ; and 
this  view  is  supported  by  the  fact  that  the  corpuscles,  which 
are  heavier  than  the  liquor  sanguinis,  do  subside  in  blood, 
the  coagulation  of  which  is  intentionally  retarded  by  the  ad- 
dition of  strong  solutions  of  sulphate  of  soda  or  of  common  salt. 
But  other  circumstances  probably  cooperate  to  increase  the 
tendency  of  the  corpuscles  to  settle  down.  The  disposition  of 
the  red  corpuscles  to  run  together  in  columns  and  masses,  in 
blood  drawn  from  the  body  and  left  at  rest,  is  increased  in  the  in- 
flammatory state,  the  corpuscles  then  running  into  larger  clusters, 
clinging  more  firmly  together,  and  even  losing  their  circular 
form,  and  becoming  elongated.  The  aggregation  of  the  cor- 
puscles into  larger  masses,  perhaps  causes  them  to  subside  more 
rapidly  than  if  they  adliered  in  the  usual  minute  piles  or 
columns ; and  this,  together  with  the  retardation  of  the  coagu- 
lating process,  may  account  for  the  formation  of  the  buff}' 
coat.  This  unusual  aggregation  of  the  corpuscles,  also  occurs 
in  certain  low  constitutional  states,  and,  it  is  said,  in  plethora; 
it  likewise  happens,  tvhen  the  coagulation  of  the  blood  is  re- 
tarded intentionally  in  experiments.  A tendency  of  the  cor- 
puscles to  fall  to  the  lower  part  of  a living  vein  enclosed  by 
ligatures,  has  been  seen  in  animals.  The  nature  and  cause  of 
this  tendency  of  the  corpuscles  to  run  together,  remains,  how- 
ever, yet  unexplained.  Their  apparent  mutual  attraction  is 
diminished  by  the  addition  of  weak  saline  solutions,  and  the 
buffy  coat,  if  the  blood  be  inflammatory,  is  less  distinctly 
developed,  although  the  period  of  coagulation  is  delayed.  The 
addition  of  any  material,  Avhich,  like  mucilage,  increases  the 
aggregation  of  the  corpuscles,  accelerates  the  subsidence  of  the 
corpuscles,  and  increases  the  buffy  coat. 

Contrasting  with  the  firm,  fibrinous,  and  contracted  clot  of 
the  blood  in  inflammation,  are  the  loose,  soft  coagula,  cha- 
racteristic of  the  blood  of  weak,  cachectic,  and  ancemic  persons, 
even  though  the  clot  is  formed  more  rapidly.  A deficiency  of 
fibrin  causes  the  clot  to  be  soft.  During  bleeding,  the  power 
of  coagulation  of  the  blood  is  gradually  modified  as  the  blood 
flows,  the  last  quantity  drawn  setting  more  rapidly,  but  form- 
ing a softer  clot.  Fragile,  almost  semi-fluid  clots  are  found  in 
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the  blood  of  those  "who  have  died  of  cholera,  from  strokes  of 
lightning,  or  from  asphyxia. 

That  the  immediate  cause  of  the  coagulation  of  the  blood,  is  the 
solidification  of  the  fluid  fibrin  of  the  liquor  sanguinis,  is  shown 
by  the  existence  of  the  fibrinous  fibrillse,  in  clotted,  but  not 
in  fluid  blood ; by  the  formation  of  the  buffy  coat  without  any 
admixture  of  the  red  corpuscles,  the  upper  and  firmest  part  of 
this  coat,  being  nearly  pure  fibrin ; and  lastly,  by  the  fact  that 
whipping  the  blood,  which  removes  the  fibrin,  prevents  any 
fm-ther  coagulation,  the  corpuscles  themselves  not  possessing 
this  power,  then  remaining  free  and  suspended,  or  subsiding  in 
the  serum,  which  is  likewise  no  longer  coagulable.  Experi- 
ments also  demonstrate  this  property  of  the  fibrin.  Thus, 
if  the  coagulation  of  the  blood  be  retarded  by  the  addition  of 
solutions  of  neutral  salts,  the  red  and  white  corpuscles  have 
time  to  subside,  and  the  upper  clear  fluid,  which  still  contains 
its  fibrin,  then  undergoes  coagulation,  the  delicate  colourless 
clot  exhibiting  the  characteristic  microscopic  fibrillae.  Again, 
by  adding  a solution  of  salt  or  of  sugar,  to  a quantity  of  frog’s 
blood,  the  corpuscles  of  which  are  very  large,  the  fluid  part  of 
the  blood,  or  liquor  sanguinis,  may  be  actually  filtered  from 
the  corpuscles,  and  will  afterwards  undergo  coagulation. 

The  cause  of  the  solidification  of  the  fibrin,  has  been  the 
subject  of  much  speculation  and  difference  of  opinion,  and  is 
still  not  satisfactorily  understood. 

Many  living  physiologists,  agreeing  with  Harvey,  Hunter,  and 
others,  maintain,  as  already  stated,  that  the  coagulation  of  the 
blood,  is  a manifestation  of  vital  power  in  that  fluid.  Harvey 
said  of  the  blood,  that  it  was  the  primum  vivens  and  the  ul- 
timum  moriens  of  the  body ; whilst  Hunter  considered  the 
coagulation  of  the  blood  as  its  last  act  of  life.  An  analogy 
has  been  drawn,  somewhat  vaguely,  between  the  solidification 
of  the  fibrin  of  the  blood  and  muscular  contraction,  and,  per- 
haps with  more  justice,  between  it  and  the  rigor  mortis,  or 
rigidity  of  the  muscular  tissue  after  death.  Several  modern 
authorities  perceive  in  the  fibrillation  of  the  solidifying  fibrin, 
the  evidence  of  an  organising  plastic  process,  the  feeble  efforts 
of  a formative  vital  energy.  Moreover,  it  is  urged  that 
effusions,  undoubtedly  fibrinous,  upon  the  surfaces  of  serous 
membranes,  in  the  interior  of  the  eyeball,  between  the  ends 
of  tendons  or  other  cut  surfaces  divided  subcutaneously,  andi 
in  other  situations,  become  organised  and  vascular,  and  are 
converted  into  a low  form  of  areolar  or  fibrous  tissue ; and 
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that  not  merely  fibrin,  but  even  blood  clots  in  the  interior 
of  vessels,  as  in  cases  of  ligature  of  arteries,  or  blood  extrava- 
sated  in  the  midst  of  the  tissues,  may  also  become,  under  certain 
circumstances,  vascularised,  and  converted  into  a definite  tissue, 
in  the  same  way  as  inflammatory  fibrinous  exudations  are, 
the  blood  corpuscles  not  assisting  in  the  process,  but  rather 
delaying  it  (Hunter,  Zwicky,  Paget,  Hewett). 

Notwithstanding  the  support  given  to  the  idea  of  the  coagula- 
tion of  the  blood  being  a vital  act,  and  of  the  possession  of  a vital 
property  of  solidification  by  the  fibrin  of  that  fluid,  it  may  be 
doubted  whether  this  doctrine  is  correct.  There  is  no  real 
analogy  between  muscular  contractility,  which  requires  pecu- 
liarities of  structure,  and  complex  statical'  and  dynamical  elec- 
tric conditions,  and  the  simple  change  of  the  fibrin  of  the  blood 
from  a fluid  to  a solid  state.  If  its  comparison  Avith  the  rigor 
mortis  be  more  exact,  the  tendency  of  modem  opinion  is  to 
regard  this  phenomenon  not  as  a \dtal  act,  but  truly  as  a rigidity 
of  deaths  dependent  on  chemical  changes  then  ensuing.  Again, 
there  is  no  true  resemblance  between  the  minute  fibriUae  of 
solidified  fibrin,  and  any  fibrous  or  other  tissue  of  the  body ; 
the  former  are  homogeneous,  the  latter,  indeed,  alAA-ays  present 
differences  of  parts.  Fibrinous  deposits  or  effusions  may  be- 
come the  seat  of  positive  organisation,  so  as  ultimately  to  give 
rise  to  a tissue ; but  then  nuclei,  or  centres  of  groAvth,  arranged 
in  methodical  order,  and  even  cells,  appear  Avithin  it,  for  the 
formation  of  the  future  tissue  elements  and  the  new  capillary 
A^essels  ; these  nuclei  and  cells  are  supposed  to  have  their  origin 
not  in  the  fibrin,  but  from  the  corresponding  parts  of  the  sur- 
rounding tissues.  In  cases  of  so-caUed  organisation  of  the 
coagula  formed  in  ligatured  arteries,  in  the  interior  of  in- 
flamed veins,  or  in  other  situations  amidst  the  litung  tissues, 
it  is  the  surface  of  the  clots  next  in  contact  Avith  those  liA'ing 
tissues,  Avhich  first  presents  appearances  of  organisation  and 
vascularisation.  This  suggests  the  possibility  that,  subsequently 
to  the  effusion  of  blood,  a true  plastic  exudation  may  take 
place  around  the  clot,  and  may  penetrate  between  the  columns 
of  its  aggregated  corpuscles;  in  this  Avay,  the  apparent  organisa- 
tion and  vascularisation  of  a clot,  may  ultimately  be  the  same 
process  as  that  of  a fibrinous  effusion,  depending  on  formative 
acts  on  the  part  of  the  surrounding  cell  elements,  Avhich  giA-e  rise 
to  nuclei,  cells,  or  intercellular  substance.  According  to  this 
vieAv,  the  coagulum  of  the  blood  constitutes  a sort  of  nidus 
for  future  deA'elopmental  processes,  but  is  not  itself  converted 
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into  tissue.  The  fibrillie  of  the  coagulated  fibrin,  may  support 
the  effused  mass,  divide  it  into  areolae  or  spaces,  and  thus 
favour  the  penetration  of  exuded  plastic  matter,  and  the 
penetration  of  nuclear  growths  through  it.  The  plastic  lymph, 
though  a fibrinous  material,  may  not  be  identical  with  the 
solidified  fibrin  of  the  blood,  but  may  be  a true  protoplasm, 
more  distinctly  and  positively  possessed  of  organisable  tenden- 
cies, and  thus  of  a real  though  low  form  of  nutritive  life.  If  this 
be  so,  the  strongest  argument  in  favour  of  the  vital  character 
of  the  coagulation  of  the  fibrin  of  the  blood,  is  nullified. 

Moreover,  many  facts  appear  irreconcileable  with  such  a 
doctrine.  Thus,  the  blood  of  a horse  has  been  kept  in  a fluid 
.state,  by  means  of  nitre  for  fifty-seven  weeks,  and  yet  speedily 
coagulated,  when  sufficiently  diluted  with  water  (Gulliver). 
Frozen  blood,  as  already  stated,  will  coagulate  w'hen  thawed. 
If,  therefore,  coagulation  is  a vital  act,  the  life  of  the  blood 
must  be  admitted  to  be  capable  of  being  “ pickled  ” and 
“ frozen  ” (Gulliver).  It  is  replied  by  the  vitalists,  that  the 
vitality  of  the  fibrin  is  simply  preserved  in  a dormant  condi- 
tion, by  the  prevention  of  spontaneous  change  or  decomposi- 
tion ; just  as  the  dormant  vitality  of  seeds  and  ova,  endures 
for  years,  and  as  that  of  infusorial  animalcules,  and  even  of  the 
highly  organised  Eotifera,  may  be  restored,  after  considerable 
elevation  or  lowering  of  the  temperatirre,  or  may  be  sus- 
pended, and  so  conserved,  by  desiccation.  But  the  recovery 
of  animalcules  after  freezing,  is,  proljably,  only  apparent,  a 
minute  drop  of  surrounding  unfrozen  water  perhaps  defending 
them  from  actual  congelation  ; whilst  in  blood  thoroughly 
frozen,  the  fibrinous  fibrillte,  undergoing  no  nutritive  changes, 
could  hardly  escape  that  event.  Furthermore,  there  is  no 
example  of  the  recovery  of  life,  by  any  of  those  minute  orga- 
nised beings,  after  immersion  in  so  potent  a substance  as  a 
solution  of  nitre,  which  is  a well-known  solvent  of  fresh 
fibrin. 

On  the  supposition  that  the  coagulation  of  the  fibrin,  is  not 
a vital,  but  a physical  process,  it  has  been  maintained  that  the 
fibrin  is  held  in  a fluid  state,  in  the  living  blood,  by  a minute 
quantity  of  ammonia,  and  that  the  escape  of  this  ammonia  is 
the  immediate  cause  of  its  coagulation — at  least  when  blood  is 
drawn  from  the  body.  The  celebrated  Robert  Boyle  (1684) 
considered  that  the  blood  gave  out  a spirit,  and  observed  that 
it  could  be  maintained  in  a fluid  state  by  a salt  of  ammonia, 
and  that  clotting  occurred  after  the  removal  of  this.  It  was 
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proved  by  Haller,  that  the  halitus  of  the  blood  is  alkaline. 
Albumen,  it  is  known,  is  rendered  soluble  by  the  fixed  alkali, 
soda,  but  may  be  precipitated  by  the  addition  of  an  acid. 
La.stly,  it  has  been  shoAvn,  by  Eichardson,  that  ammonia  is 
really  given  off  from  blood,  microscopic  crystals  of  hydrochlo- 
rate of  ammonia  being  formed  on  a piece  of  glass  moistened 
with  a trace  of  hydrochloric  acid,  and  held  over  freshly- drawn 
blood ; also  that,  by  the  transmission  of  the  ammoniacal  vapour 
from  fresh  blood,  through  other  fresh  blood,  the  latter  may  be 
kept  fluid  for  an  unusual  time ; that  air  containing  the  vapour 
of  ammonia,  has  the  same  effect,  and  will,  even  after  coagula- 
tion has  taken  place,  restore  the  condition  of  fluidity  — the 
clotted  and  fluid  conditions  being  alternately  producible,  ac- 
cording as  the  ammoniacal  vapour  is  passed  into  the  blood,  or  is 
permitted  to  escape  from  it.  The  minute  proportion  of  1 part 
of  ammonia  to  3000  of  blood,  is  sufficient  to  maintain  the 
fluidity  of  the  latter.  Finally,  nearly  all  the  conditions  which 
appear  to  favour,  or  accelerate,  the  coagulation  of  freshly- 
drawn  blood,  are  such  as  would  also  facilitate  the  escape  of  the 
volatile  alkali  from  it  (Eichardson). 

Other  considerations  and  facts  appear,  however,  to  show 
that  the  escape  of  the  ammonia  from  the  blood,  which  un- 
doubtedly occurs,  is  not  the  caitse  of  the  sohdification  of  the 
fibrin,  but  merely  an  accompaniment  of  that  change.  In  the 
liquefaction  of  solid  fibrin  by  ammonia,  and  its  alternate  re- 
coagulation and  liquefaction  by  the  subsequent  subtraction 
and  addition  of  ammonia,  it  is  not  certain  whether  the  fibrin 
of  these  secondary  and  tertiary  solidifications,  is  identical  with 
the  fibrin  of  the  primary  clot.  Many  experiments  and  obser- 
vations further  show  that  fi-eshly-drawn  blood  may  be  placed 
in  such  conditions,  that  its  ammonia  cannot  well  escape,  and 
yet  coagulation  will  occur ; e.g.,  when  blood  is  received  into  a 
bottle  which  is  quickly  stoppered,  or  Avhen  blood  rendered 
fluid  by  ammonia,  coagulates,  though  tardily,  if  kept  in  air- 
tight vessels  (Zimmerman);  or,  again,  when  blood,  subjected 
to  increased  barometric  pressure,  which  would  check  or  pre- 
vent the  escape  of  ammonia,  is  fotmd  to  coagulate  even  quicker 
than  usual  (Colin).  Moreover,  blood  drawn  from  an  animal, 
and  exposed  to  the  air  for  fifteen  minutes,  at  a temperature  of 
32°,  even  though  its  ammonia  had  probably  escaped,  has  been 
found  to  remain  fluid  for  upwards  of  five  hours,  when  intro- 
duced into  the  freshly  removed  heart  (Brlicke).  The  blood  in 
a dead  body,  is  usually  found  coagulated  in  the  heart  and  the 
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larger  arteries  and  veins,  but  fluid  in  the  smaller  vessels, 
although  ammonia  could  apparently  escape,  or  transude,  more 
easily  from  the  latter.  This  coagulation  in  the  heart  and  larger 
vessels,  is  partly  due  to  post-mortem  changes,  but,  sometimes 
at  least,  the  clots  begin  to  form  during  the  last  moments  of 
life.  Again,  blood  confined  between  two  ligatures  in  a living 
vein,  retains  its  fluidity  for  many  hours ; but  if  a piece  of 
glass  tube  be  introduced  between  the  blood  and  the  walls  of 
the  vein,  coagulation  very  speedily  occurs  (Briicke).  So, 
too,  when  needles,  wires,  or  threads  are  passed  through  living 
vessels,  the  blood  will  coagulate  in  the  vessels,  though  the 
ammonia  could  not,  by  any  possibility,  escape  from  the  moving 
blood  (Simon  and  Lister).  The  coagula  thus  formed  in  veins, 
are  large,  soft,  and  dark ; whilst  those  formed  in  pierced 
arteries,  are  small,  compact,  and  pale.  In  both  kinds  of  vessels, 
the  broadest  or  attached  part,  or  base  of  the  clot,  is  directed 
towards  the  heart.  No  escape  of  ammonia  can  take  place 
when  a clot  forms  in  a ligatured  artery,  nor  in  that  coagula  - 
tion of  the  blood  during  life,  which  occurs  from  the  sudden 
destruction,  in  animals,  of  the  substance  of  the  nervous  centres. 
Nor  can  this  explain  the  coagulation  produced  by  the  injection 
of  dead  brain  substance,  or  of  pus,  into  the  blood,  nor  the  fact, 
that  blood  enclosed  between  two  ligatures,  in  a dead  vein, 
speedily  coagulates  ; whilst  blood  similarly  enclosed  in  a living 
vein,  remains  fluid,  the  facility  for  the  escape  of  ammonia 
being  apparently,  in  either  case,  the  same  (Astley  Cooper, 
Briicke,  Lister). 

Indeed,  this  last-mentioned  experiment,  added  to  the  well- 
known  circumstances,  that  blood,  extravasated  amidst  the 
living  healthy  tissues,  remains  for  a long  time  fluid,  whilst  if  in 
contact  with  inflamed  vessels  or  tissues  deficient  in  vitality, 
or  with  the  lining  membrane  of  vessels  containing  morbid 
deposits,  or  with  dead  animal  substances  out  of  the  body,  it 
quickly  coagulates,  indicates  a striking  contrast  between  the 
effect  of  contact  of  living  and  dead  animal  tissues  on  the 
blood,  the  former,  in  some  way,  retarding  or  antagonising  the 
coagulation  of  that  fluid,  the  latter,  in  some  way,  accelerating 
or  determining  it  (Lister.) 

It  has  been  suggested  that  the  immediate  cause  of  the 
coagulation  of  the  fibrin,  may  have  some  relation  to  the  dis- 
tinction between  the  crystalloid  and  the  colloid  ‘condition  of 
matter  (Graham).  Fibrin,  like  all  albuminoid  bodies,  is  a 
colloid  substance ; and  one  of  the  properties  of  these,  is  a 
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proneness  to  molecular  or  molar  metastases,  by  ■which  they 
pass,  not  only  from  a pectous  to  a liquid,  but  also  from  a liquid 
to  a pectous  state  (p.  163).  Albumen  undergoes  this  latter 
change,  on  the  application  of  heat;  casein,  on  the  addition  of 
acid  pepsin,  or  of  an  acid  with  heat,  and  fibrin,  still  more  readily 
than  either,  becoming,  when  left  to  itself,  sohdified  at  mode- 
rate temperatures,  and,  more  rapidly,  at  somewhat  higher  tem- 
peratures. The  coagrdation  of  fibrin  not  being  due  to  any 
external  apparent  cause,  has  been  designated  spontaneous. 
But  this  more  ready  assumption  by  fibrin,  of  the  pectous  con- 
dition, can  hardly  be  spontaneous,  in  the  usual  sense  of  that 
term ; unless,  indeed,  we  suppose  the  vital  endowments  of 
this  remarkable  substance,  to  be  higher  even  than  Hunter 
believed.  Crystallisation  is  as  much  .spontaneous,  in  one 
sense,  as  coagulation.  The  latter  probably  depends  upon 
some  definite  molecular  or  molar  changes,  strictly  physical, 
like  any  other  less  rapid  effect  of  colloidal  energj-,  and  occur- 
ring when  the  fluid  fibrin  is  removed  from  the  ordinary  in- 
fluence of  processes  going  on  in  the  living  vessels  and  tissues 
within  the  body,  or  rvhen  it  is  subjected  to  other  influences 
exerted  upon  it  by  the  dead  tissues,  or  by  foreign  bodies 
generally. 

The  action  of  these  latter  may  be  catalytic,  or  due  to  con- 
tact, and  the  fact,  that  rough  or  multiplied  surfaces  accelerate 
coagulation,  favours  this  view.  It  has  been  suggested  that 
dead  matter  may  induce  a reaction  between  the  solid  and 
fluid  constituents  of  the  blood,  in  which  the  former,  that  is  the 
corpuscles,  impart  to  the  fibrin  of  the  liquor  sanguinis  a dis- 
position to  coagulate.  When,  however,  no  foreign  substance 
is  introduced  into  the  blood,  the  catalytic  action  has  been  sup- 
posed to  be  due  to  the  corpuscles  themselves,  which,  as  it 
were,  ceasing  to  undergo  their  characteristic  vital  changes, 
and  so,  in  effect,  becoming  dead,  determine,  like  other  dead 
animal  matter,  the  solidification  of  the  fibrin  (Lister).  The 
influence  of  the  red  corpuscles,  in  producing  or  accelerating 
coagirlation,  is  well  established  ; the  upper  colourless  stratum 
of  either  inflammatory  or  diluted  blood,  in  which  the  cor- 
puscles have  subsided,  coagulates  more  slowly  than  the  lower 
part,  in  which  the  corpuscles  are  present  (Gulliver).  Chyle,  to 
which  a minute  portion  of  blood  is  added,  will  coagulate  in  two 
c>r  three  minutes,  though  the  same,  when  pure,  takes  from 
twenty-five  to  ninety  minutes  to  coagulate  ( Schmidt).  The 
fluids  of  ascites,  pleurisy,  and  pericarditis,  that  of  bhsters,  and 
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of  otlier  so-called  serous  exudations,  readily  coagulate  after  the 
addition  of  a minute  quantity  of  blood,  even,  it  is  said,  of  a few 
red  corpuscles;  whilst  other  portions  of  those  fluids,  kept  apart, 
do  not.  The  same  eftect  is  produced,  however,  on  the  admix- 
ture of  two  such  fluid  exudations.  Fragments  of  the  crystal- 
line lens,  the  composition  of  which  resembles,  or  is  identical 
with,  the  globulin  of  the  red  blood  corpuscles,  and  even  the 
crystals  of  htemato-globulin  obtained  from  those  corpuscles, 
also  induce  the  formation  of  a coagulum  in  these  fluids. 
Hence  Schmidt,  to  whom  these  latter  observations  are  chiefly 
due,  believes  that,  within  the  blood  cells,  there  exists  a fibrino- 
plastic  substance,  and  in  the  liquor  sanguinis  a Jibrino-genous 
substance,  and  that  by  the  escape  of  the  former  and  its  union 
with  the  latter,  the  act  of  solidification  is  effected.  But,  since 
dead  animal  tissues  of  all  kinds, and  even  clots,  or  solidified  fibrin 
itself,  either  fresh,  or  dried  and  powdered,  produce  the  same 
effect,  it  may  be  that  the  action  of  the  corpuscles,  in  causing 
coagulation  of  the  fibrin,  is  not  a vital  process  ; and  that  if,  as 
supposed,  their  contained  globulin  escapes,  by  exosmosis, 
through  their  envelopes,  into  the  liquor  sanguinis,  this  is,  in 
reality,  a post-mortem  event. 

Finally,  therefore,  it  is  submitted  that,  out  of  the  body,  the 
solidification  of  the  fibrin,  which  is  the  sole  cause  of  the  coagu- 
lation of  draion  blood,  is  due  to  a mere  physical,  molecular  or 
molar  change,  resulting  in  its  transformation  from  a liquid  to 
a pectous  state,  as  is  common  to  colloidal  bodies ; that  this 
change  is  permitted,  after  the  life  of  the  blood,  or  the  inces- 
sant nutritive  mutations  which  occur  in  living  blood,  cease ; 
that  it  is  accelerated,  or  induced,  by  the  contact  of  dead  matter, 
either  proper,  or  extraneous,  to  that  fluid,  and  that  it  is  to  be 
regarded,  not  as  a token  of  life,  but  as  a sign  of  death.  When 
coagulation  occurs  within  the  body,  it  is  still  under  conditions 
indicative  of  the  diminution  or  cessation  of  the  ordinary  vital 
interchanges  of  the  blood,  and  so  may  be  equally  regarded 
as  a physical  process,  or,  at  least,  as  one  of  those  examples  in 
which  the  essential  cause  is  physical,  though  .sometimes  it 
may  be  utilised,  and  directed  to  certain  formative  ends.  Lastly, 
if  this  view  be  maintained,  the  fibrinous  fibrillse  of  clots  formed 
in  the  living  bloodvessels,  or  extravasated  amongst  the  tissues, 
cannot  be  sirpposed  themselves  to  be  converted,  any  more  than 
the  red  corpuscles,  into  organised  tissue  elements  ; but,  by  their 
trabecular  arrangement,  they  may  facilitate  the  penetration 
into  such  clots,  of  an  organisable  blastema,  with  nuclei  or 
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nucleated  gymnoplastic  cells,  and  intercellular  substance,  for 
the  production  of  newly  formed  tissue. 

The  formation  of  an  external  clot  at  the  mouth  of  a wounded  or 
divided  vessel,  is  the  first  step  taken  by  nature,  in  the  effort  to  close  the 
vessel ; to  this,  succeeds  the  formation  of  an  internal  clot,  the  base  of 
which,  in  a divided  vessel,  corresponds  with  the  wound,  the  apex  ex- 
tending towards  the  heart,  as  far  as  the  nearest  branch  of  any  size. 
From  the  divided  edge  of  the  vessel,  a nutritive  plasma,  or  blastema,  is 
poured  out,  in  which  nuclei  and  nucleated  cells,  probably  derived  from  the 
surrounding  cell  elements,  appear,  and  form  the  future  areolar  tissue, 
with  its  capillary  network,  which  closes  the  aperture  in  the  vessel.  In 
the  case  of  a completely  divided  arterj',  the  muscular  coat  of  the  vessel 
contracts,  and  retracts  within  the  sheath,  and  so  helps  its  closure:  a 
lacerated  or  twisted  artery  retracts  even  more  securely  than  one  cut 
cleanly  across.  When  an  artery  is  tied,  as  in  surgical  operations,  its 
middle  and  internal  coats  are  cut  through  by  the  thread,  whilst  the 
outer  one  is  enclosed  in  the  knot ; the  two  former  tunics  contract,  and 
tunt  in  towards  the  area  of  the  vessel,  and  it  is  upon  their  cut  edges 
that  the  primary  clot  first  forms,  and  from  them,  that  the  new  tissue, 
which  closes  the  vessel,  is  produced ; the  constricted  part  of  the  outer 
coat,  sloughs,  and  permits  the  ligature  to  come  away.  The  artery  is 
closed,  and  slirinks  up  to  the  nearest  branch,  the  primary  clot  being 
absorbed : the  collateral  vessels  are  greatly  increased  in  diameter,  to 
carry  on  the  circulation  beyond  the  point  of  ligature.  Pressure,  by  aid 
of  a needle  passed  through  the  soft  parts  upon  the  side  of  a divided 
artery  of  moderate  size,  enables  its  cut  end  to  close : this  is  now  some- 
times employed  after  operations,  and  is  known  as  acupressure  (Simp- 
son and  others). 


SANGUIFICATION. 

The  occurrence  of  this  process  in  the  economy  of  the  higher 
animals  and  of  ]\Ian,  is  implied  in  the  popidar  expression  of 
making  Mood.  The  corpuscles,  both  red  and  white,  waste,  or 
become  worn  out,  irom  the  nutritive  changes  which  occur  in 
the  solid  tissues,  and  in  the  blood  itself.  Their  number,  espe- 
cially that  of  the  red  ones,  certainly  increases  tvith  a high 
rate  of  living,  and  materially  diminishes  from  haemorrhage, 
starvation,  or  disease.  This  waste,  and  loss  of  number  in  the 
corpuscles,  must  be  repaired. 

The  ivhite  corpuscles  are  supposed  to  be  derived  from  the 
lymph  and  chyle  corpuscles  w^hich  enter  the  blood,  and  are 
identical  Avith  its  white  corpuscles,  in  size,  form,  structure, 
and  chemical  composition.  The  large  mnnber  of  Avhite 
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corpuscles  found  in  the  blood,  three  or  four  hours  after  com- 
plete digestion,  their  greater  abundance  in  the  veins  than  in 
the  arteries,  and  especially  in  the  left  innominate  vein  as  com- 
pared with  other  veins  in  the  body,  are  facts  which  favour 
this  view.  No  other  ordinary  source  for  the  production  of  the 
white  corpuscles  of  the  blood,  has  been  suggested,  although  it 
has  been  supposed  that,  under  certain  circumstances,  as  in  local 
inflammation  or  excitement,  they  might  possibly  arise  within 
the  capillaries,  by  subdivision  and  growth  of  the  nuclei  in  the 
walls  of  those  vessels,  and  then,  becoming  detached,  be  moved 
on  with  the  blood.  Some  may  also  arise  within  the  spleen. 

The  mode  of  formation  of  the  blood  corpuscles,  both  white 
and  coloured,  in  the  embryo  and  its  membranes,  is  peculiar,  and 
will  be  described  in  the  Section  on  Development.  After  birth, 
the  red  corpuscles,  it  is  generally  believed,  are  developed  from 
the  white  ones,  however  these  latter  may  arise.  Many  tran- 
sitional forms  have  been  traced  in  the  blood.  In  the  progress 
of  change  in  the  Mammal,  as  described  by  some  (Funke, 
Paget,  Kolliker),  the  contents  of  the  white  corpuscle  become 
more  fluid  and  homogeneous,  the  compound  nucleus  disappears, 
the  surface  becomes  smooth,  the  size  diminished,  the  shape 
flattened,  disc-like  and  then  biconcave,  an  exceedingly  thin 
envelope  forms  around  them,  and  they  acquire  a red  colour  in 
their  interior.  According  to  others  (Wharton  Jones,  Busk, 
Huxley),  this  is  true,  as  regards  the  nucleated  coloured  cor- 
puscles of  Birds,  Reptiles,  Amphibia,  and  Fishes  ; but  in  the 
Mammalian  non-nucleated  coloured  corpuscle,  it  is  the  nu- 
clear portion  only,  of  the  white  corpuscle,  which  is  converted, 
by  the  necessary  changes,  into  a red  corpuscle.  By  some,  it  is 
thought  that  the  smaller  white  corpuscles,  or  the  larger  ones 
after  subdivision,  undergo  this  transformation,  by  flattening, 
disappearance  of  the  nucleus,  and  acquisition  of  cruorin;  others 
regard  the  smaller  pale  bodies  often  described  in  the  blood,  as 
if  they  were  wasting,  not  growing,  red  corpuscles. 

In  the  Oviparous  Vertebrata,  therefore,  the  red-blooded  corpuscle  is  a 
transformed  pale  corpuscle ; but  in  the  Viviparous  Mammalia,  including 
Man,  the  red  corpuscle  is  the  homologue  of  the  nucleus  only  of  the  Oviparous 
blood  corpuscle.  In  both  cases,  the  pale  corpuscle  is  perhaps  a naked  cell 
or  gymnoplast ; but  a distinct,  though  delicate,  envelope  or  cell  wall,  after- 
wards appears.  The  difference  between  them  appears  to  be,  that  in 
the  Mammalian  red  corpuscle,  the  envelope  touches  the  nucleus,  around 
which  there  are  no  cell-contents,  or  the  nucleus  disappears  in  these ; 
whilst  in  the  other  Vertebrata,  the  envelope  is  at  a distance  from  the 
nucleus,  the  cell-contents  being  abundant.  The  importance  of  the 
nucleus,  as  a centre  of  activity,  is  thus  well  illustrated. 
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The  chemical  changes  in  the  corpuscles,  are  no  less  remark- 
able than  those  which  affect  their  form.  Their  globulin 
acquires  phosphorus  and  iron,  the  former  element  associated 
with  fat,  and  the  latter  Avith  the  colouring  matter  or  cruorin. 
They  now  also  manifest  a singular  affinity  for  oxygen.  It  is 
not  quite  certain,  in  Avhat  part  of  the  circulation  the  change  of 
Avhite  into  red  corpuscles  takes  place  ; but  it  is  supposed  that 
this  is  completed  during  the  passage  of  the  A-enous  blood,  in 
which  the  Avhite  corpuscles  abound,  through  the  capillaries 
of  the  lungs;  they  are  feAver  in  the  arterial  blood.  The 
remarkable  effects  of  the  respiratory  process  on  the  blood,  and 
the  strong  affinity  of  the  red  corpuscles  themselves,  Avhen  fully 
I'ormed,  for  oxygen,  prove  that  the  oxygenation  of  the  blood, 
Avhich  takes  place  in  the  lungs,  is  accompanied  by  changes  of 
deep  importance  in  its  corpuscles,  and  favour  the  idea  that  it 
may  even  be  concerned  in  the  conversion  of  the  white  cor- 
puscles into  red  ones. 

It  has  been  already  stated,  that  the  red  corpuscles,  after 
endm’ing  or  Imng  a certain  time,  Avaste  or  die.  Many  Avriters 
have  supposed  that  they  accumulate  in  the  spleen,  becoming 
impacted,  as  it  were,  in  the  venous  sinuses  of  that  organ,  and 
then  shrinking  and  disappearing.  By  others,  again,  it  is 
belieA^ed  that  the  cruorin,  or  red  colouring  matter,  is  added  to 
the  young  corpuscles  in  this  organ,  perhaps  even  from  the 
debris  of  those  red  corpuscles  Avhich  become  stagnated  and 
disintegrated  in  it. 

Besides  the  corpuscles,  hoAvever,  the  intercellular  fluid 
matrix  of  the  blood,  or  liquor  sanguinis,  is,  as  Ave  haA-e  seen, 
constantly  undergoing  loss,  in  supplying  the  materials  neces- 
sary for  the  maintenance  and  formation  of  the  great  variety  of 
tissues  and  secretions.  Every  act  of  nutrition,  like  those  of 
secretion,  must  remoA^e  something  from,  and  so  far  impoverish, 
the  blood.  The  albumen  of  the  liquor  sanguinis,  is  constantly 
replenished  from  that  of  the  lymph  and  chyle,  and,  by  A-enous 
absorption,  from  the  digested  food ; but  it  may  also  contain 
certain  more  highly  elaborated  albuminoid  materials,  deriA-ed 
from  the  corpuscles.  Some  of  the  substances  employed  in 
nutrition,  such  as  the  salts  and  earthy  matters,  may  belong 
properly  to,  and  jjroceed  from,  the  liquor  sanguinis  itself ; so 
also  may  certain  albuminoid  matters.  But  others  may  merely 
traverse  that  fluid,  on  their  Avay  from  the  blood  corpuscles, 
in  which  they  are  finally  completed,  to  the  tissues,  escaping, 
through  the  envelopes  of  the  corpuscles,  by  dialysis  or  exos- 
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mosis,  passing  across  the  liquor  sanguinis,  by  liquid  diffusion, 
and  then  permeating  the  capillary  walls,  by  dialytic  or  porous 
diffusion : so  likewise  of  the  fatty  matters,  which  must  be 
immediately  added  to  the  blood  from  the  nutrient  chyle. 
Some  substances,  of  a more  special  kind,  may  be  formed  by 
changes  in  the  corpuscles,  and  may  afterwards  traverse  the 
liquor  sanguinis  to  reach  the  tissues.  The  elaborative  office 
of  the  corpuscles,  and  their  influence  on  the  composition  and 
formation  of  the  liquor  sanguinis,  are  undoubted. 

The  fibrin  of  the  blood,  is  believed  to  be  derived  from  the 
albumen,  of  which  it  is  said  to  be  a modified,  degraded,  or 
more  oxidised  condition.  It  has  been  stated  that,  on  passing  a 
galvanic  current  through  a solution  of  albumen,  a concretion 
of  a substance  resembling  fibrin,  becomes  attached  to  the  posi- 
tive pole  (Smee)  ; but  this  deposit  may  not  be  identical  with 
fibrin. 

The  blood  of  the  hepatic  and  renal  veins,  contains  only  a 
small  quantity  of  fibrin,  and  coagulates  but  imperfectly ; 
hence  it  has  been  conjectured  that  fibrin  may  be  destroyed,  or 
oxidised,  in  the  liver  and  kidneys.  On  the  other  hand,  the 
blood  of  the  splenic  vein  contains  much  fibrin,  coagulates  very 
firmly,  and,  even  when  defibrinated  by  whipping,  will  pro- 
duce a second  clot,  after  long  exposure  to  the  air.  It  is 
thought  also,  by  some,  that  the  action  of  the  muscles  may  give 
rise  to  an  appearance  of  fibrin  in  the  blood  ; for  on  injecting 
defibrinated  blood  into  the  arteries  of  a recently  detached 
animal’s  limb,  the  blood,  returning  by  the  veins,  is  found  to 
contain  fibrin,  whenever  the  muscles  have  been  excited  to 
repeated  contractions  by  galvanism. 

The  amyloid  and  saccharine  matters  are  probably  added  to 
the  blood,  chiefly  from  the  liver,  the  inosite  from  the  muscles. 
The  nitrogenous  creatin  and  creatinin,  are  probably  products 
of  the  decomposition  of  albuminoid  matter.  The  colouring 
matter  is  possibly,  in  part,  newly  formed  in  the  lungs ; but 
previously  existing  cruorin  may  perhaps  be  used  again. 

The  nutritive  changes,  whether  of  waste  or  renovation,  in 
the  homogeneous  or  formless  liquor  sanguinis,  added  to  those 
which  take  place  in  the  organised  elements  or  blood  corpuscles, 
imply  a more  special,  and  more  complicated,  nutritive  movement 
than  that  which  occurs  in  any  one  of  the  tissues  or  glands  ; for 
they  reciprocate  Avith  the  metamorphoses  of  all  the  tissues 
and  glands.  The  variety  of  nutritive  and  secernent  changes  to 
Avhich  the  blood  ministers,  and  in  Avhich  it  itself  undergoes 
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incessant  corresponding  alterations,  is  very  great,  and  yet  its 
highly  complex,  but  essential,  constitution  remains,  within 
certain  limits,  the  same. 

The  constitution  of  the  blood,  is  also  continually  changed, 
on  the  one  hand,  by  the  accumulation,  within  it,  of  its  own  effete 
materials,  and  its  reception  of  those  of  the  disintegrated  solid 
tissues,  and,  on  the  other,  by  its  constantly  casting  out  of  itself 
the  various  products  of  that  decay.  In  this  way,  its  creatin, 
creatinin,  and  urea,  and  its  lactic  and  carbonic  acids,  enter,  and 
then  escape  through  the  agency  of  the  renal,  cutaneous,  and 
respiratory  excretions.  The  quantities  of  effete  extractives 
and  of  urea  are  small,  for  they  are  always  being  carried  off ; if 
they  accumulate,  mischief  ensues.  Considering  that  the  blood 
is  constantly  dravm  upon  for  the  supply  of  nutriment  to  the  rest 
of  the  body,  that  it  is  intermittently  and  variously  renewed, 
that  it  is  itself  subject  to  decay  in  its  essential  structural  and 
fluid  elements,  and  the  seat  of  constant  additions  and  subtrac- 
tions, its  composition  retains  a remarkable  unity.  The  com- 
plexity of  the  mutual  relations  between  the  blood  and  the 
tissues  and  glands,  its  renovation  from  the  lymph  and  chyle, 
and  the  rapidity  of  its  purification  from  the  poisonous  or 
injurious  chemical  products  of  the  disintegration  of  tissue,  by 
the  excretory  processes,  are  very  surprising.  When  imperfectly 
elaborated,  or  purified,  by  the  formative,,  nutritive,  and  secre- 
tory or  excretory  processes,  it  becomes  unhealthy,  and  a pos- 
sible source  of  disease.  Emotional  and  other  disturbances  of 
the  nervous  centres,  may,  through  their  influence  over  these 
processes,  also  render  the  blood  unhealthy  or  even  poisonous. 
General  disorder  ensues,  and  the  functions,  especially  those  of 
the  liver,  alimentary  mucous  membranes,  kidneys,  skin,  and 
mammary  glands,  are  tfitiated.  Cutaneous  and  other  local 
diseases  arise.  Further,  the  blood  may  become  the  vehicle  of 
miasmatic  and  malarious  poisons,  or  the  seat  of  zt'motic  de- 
compositions, and  so  fevers,  simple,  exanthematous,  intermit- 
tent or  remittent,  typhoid  or  choleraic,  may  ensue. 

THE  BLOOD  GLANDS. 

In  Nutrition,  certain  materials  are  attracted  to,  and  assimi- 
lated by  the  tissues,  fi-om  the  common  nutrient  plasma  of  the 
blood,  and  the  materials  so  attracted,  are  removed  from  the 
blood.  In  the  act  of  secretion,  as,  for  example,  in  that  of  saliva 
and  bile  by  the  sahvary  glands  and  the  liver,  various  other 


THE  DUCTLESS  GLANDS, 


319 


materials  are  separated  from  the  blood.  Nutrition  and  secre- 
tion are,  indeed,  intimately  allied,  the  former  being  a secre- 
tive process,  and  the  latter  a nutritive  process ; hence  nutrition  is 
sometimes  termed  nutrient  secretion.  Diminished  or  increased 
activity,  or  arrest,  of  the  nutritive  processes  in  certain  tissues, 
such  as  the  nervous  or  muscular  systems,  may  affect  the  blood 
quite  as  seriously  as  errors  in  the  secreting  processes ; and  the 
healthy  balance  of  both  functions,  is  necessary  for  the  preserva- 
tion of  the  normal  constitution  of  the  blood. 

All  secreting  glands,  however,  possess  special  channels, 
called  ducts^  which  open  either  upon  the  exterior  of  the  body, 
as  in  the  case  of  the  cutaneous  and  mammary  glands,  or  into 
some  internal  cavity,  as  e.g.  the  salivary  and  gastric  glands,  and 
by  which  the  materials  separated  from  the  blood,  are  conveyed 
away,  though  some  of  them  may  be  more  or  less  completely 
reabsorbed.  But  in  the  nutrition  of  tissues,  such  as  muscle 
or  nerve,  the  materials  separated  from  the  blood,  are  not 
carried  away  by  ducts,  but  remain,  for  a time,  as  part  of  the 
body,  and  are  only  reabsorbed,  when  they  have  performed 
their  proper  functions,  and,  in  doing  so,  have  undergone 
further  change. 

Now,  there  exist  in  the  Vertebrata  generally,  and  in  Man, 
certain  peculiar  organs,  which,  from  their  compact  form,  gene- 
ral appearance  and  relations,  and  highly  vascular  character, 
have  been  called  glands  ; but  they  have  no  secreting  orifices, 
channels,  or  ducts  proceeding  from  them,  to  open  on  the  sur- 
face, or  into  the  cavities,  of  the  body.  These  organs  include  the 
spleen,  the  supra-renal  bodies,  the  anterior  portion  of  the 
pituitary  body,  the  thyroid  body,  and  the  thymus.  From 
being  destitute  of  ducts,  they  are  named  the  ductless  glands ; 
from  their  obvious  connection  with  the  process  of  sanguifica- 
tion, they  are  called  blood  glands ; and,  lastly,  from  their 
influence  on  the  blood,  being  entirely  exerted  on  that  fluid 
within  its  vessels,  they  have  been  termed  vascidar  glands.  By 
some,  the  closed  sacs  already  described  (p.  1 58),  as  being  found 
in  the  mucous  membrane  of  the  alimentary  canal,  if  not  classi- 
fied as  mere  dependencies  of  the  lymphatic  system,  are  ar- 
ranged with  the  ductless  glands. 

The  organic  processes  proper  to  these  ductless  glands,  par- 
take both  of  the  characters  of  nutrition  and  secretion.  Their 
substance  is  nourished  like  that  of  a muscle,  but  each,  acting 
like  a gland,  separates  from  the  blood  something  very  special. 
On  the  other  hand,  although,  like  a muscle,  and  unlike  a 
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gland,  they  do  not  yield  up  their  products  directly  by  a duct, 
yet  they  doubtless  impart  to  the  blood,  not  merely  the  eifete 
materials  from  their  waste,  but  the  substances  formed  by  their 
special  elaborative  or  assimilating  power — substances  essential 
to  the  constitution  of  the  blood  itself.  They  might  be  termed 
nuti'itive  or  assimilative  glands. 

The  Spleen. — This  organ  is  a soft,  dark,  bluish  body,  attached 
to  the  cardiac  end  of  the  stomach ; it  is  placed  beneath  the 
diaphragm,  and  is  nearly  or  quite  covered  by  the  lower  ribs. 
Its  shape  is  a flattened  oval,  convex  and  smooth  on  its  left 
surface,  and  concave  on  the  right  surface,  which  is  applied 
to  the  great  cul-de-sac  of  the  stomach.  Along  this  surface 
is  a vertical  fissure,  named  the  hilus,  sometimes  notched  in 
front,  at  which  the  bloodvessels,  lymphatics,  and  nerves  pass 
in  or  out.  By  these  last-named  parts,  by  a peritonaeal  dupli- 
cature,  named  the  gastro-splenic  omentum,  and  by  a reflection 
of  the  peritonseum  fi'om  the  spleen  on  to  the  diaphragm, 
named  the  suspensory  bgament,  this  organ  is  held  in  its 
place. 

The  size  and  weight  of  the  spleen,  vary  more  than  those  of 
any  other  solid  organ  in  the  body,  not  only  in  different  per- 
sons, but  at  different  times  in  the  same  individual.  This  is 
chiefly  owing  to  changes  in  the  quantity  of  blood  it  contains. 
It  usually  measures  about  5 inches  in  length,  3^  from  front  to 
back,  and  1|-  from  side  to  side ; its  average  weight  is  about 
6 ounces,  but  it  may  vary  from  4 to  10  ounces.  Up  to  the 
age  of  forty,  its  proportionate  weight  to  that  of  the  body,  is  as 
1 to  350 ; after  that  age,  the  ratio  diminishes  gradually  to 
1 to  700.  In  ague  and  other  fevers,  the  spleen  becomes  en- 
larged by  increase  of  substance,  as  well  as  by  distension  -with 
blood,  sometimes  weighing  20  lbs.  In  certain  diseased  condi- 
tions of  this  organ,  it  has  weighed  40  lbs. ; on  the  other  hand, 
it  has  been  reduced  to  ^ of  an  oimce  in  weight.  Its  specific 
gravity  is  aboirt  1060. 

Within  the  peritoneal  serous  covering,  the  spleen  has  a 
proper,  strong,  fibro-elastic  coat,  which  is  prolonged,  at  the 
hilus,  into  the  interior  of  the  organ,  forming  elastic  sheaths 
around  the  bloodvessels,  lymphatics,  and  nerves.  Crossing 
in  every  direction  between  these  sheaths  and  the  inner  surface 
of  the  elastic  coat,  are  numerous  slender  elastic  bands,  named 
traheculce  (trabs,  a beam).  In  the  sj^aces,  or  loculi,  formed 
between  these  trabeculte,  outside  the  vessels,  is  contained  the 
so-called  sp>lenic  pulp.  This  is  a soft,  bluish-red  or  brownisli 


STRUCTURE  OF  THE  SPLEEN. 


321 


mass,  which  may  be  pressed,  out  from  the  intertrabecidar 
spaces,  and  which  becomes  of  a brighter  red  when  exposed  to 
the  air. 

The  proper  coat,  the  sheaths  of  the  vessels,  and  the  trabe- 
culae, consist  of  white  fibrous  and  areolar  tissues,  mixed  with 
elastic  fibres,  and  contain,  especially  in  animals,  pale,  fusiform, 
unstriped  muscular  fibre-cells.  The  splenic  pulp  consists  of 
a colourless,  granular  parenchyma,  mixed  with  numerous 
coloured  cells,  with  red  blood  corpuscles  of  various  size,  shape, 
and  state  of  aggregation.  The  colourless  parenchyma  is  com- 
posed of  round,  oval,  and  fusiform  nucleated  cells,  of  nuclei, 
and  of  a granular  matrix;  it  some\\drat  resembles  the  con- 
tents of  the  sacs  of  the  solitary  and  agminated  intestinal 
glands.  The  coloured  cells,  or  altered  red  blood  corpuscles  of 
the  splenic  pulp,  are  pecidiar  to  this  organ.  Some  closely  re- 
semble the  ordinary  red  blood  corpuscles ; others,  however,  are 
smaller,  and  of  a bright  golden  colour,  broAvn,  or  black  ; some- 
times their  contained  pigment  is  gathered  into  a rod-shaped 
mass,  or  into  some  crystalline  form,  or  is  broken  up  into 
minute  granules.  Frequently  they  present  the  unique  condi- 
tion of  agglomeration  into  little  clusters  or  heaps,  Avhich  are 
sometimes  free,  but  sometimes  enclosed  in  a delicate  membrane, 
or  encysted,  so  as  to  appear  like  large  compound  cells,  containing 
from  two  or  three,  to  as  many  as  tAventy  altered  blood  corpuscles. 

Embedded  in  the  splenic  pulp,  are  numerous  Avhitish  vesi- 
cular bodies,  measuring  from  ^th  to  ^rd  of  a line  in  Avidth, 
named  the  Malpighian  corpuscles  of  the  spleen;  they  are 
attached,  in  clusters,  to  the  small  arteries,  and  are  supported  on 
the  trabecula?,  so  as  to  appear  like  sessile  buds  or  fruit  upon  a 
stem.  Their  envelope  is  partly  derived  from  the  fibrous  coat 
of  the  artery,  and  partly  from  the  outer  harder  layers  of  their 
contents.  Their  cavities  have  no  communication  Avith  the 
bloodvessels  on  Avhich  they  rest.  Smaller  bodies  found  in 
the  spleen,  are  said  to  be  Malpighian  corpuscles  in  an  im- 
mature state.  They  are  composed  of  an  extremely  delicate, 
imperfectly  fibrous,  eiiAmlope,  enclosing  granular,  nuclear, 
and  nucleated-cell  elements,  like  those  of  the  splenic  pulp 
irself. 

The  splenic  arteries,  entering  at  the  hilus,  ramify  through 
the  spleen  by  rapid  subdivisions,  Avithout  anastomoses,  after  the 
manner  of  the  branches  of  a tree  ; many  quickly  divide  into  a 
coarse  capillary  network,  Avhich  as  speedily  ends  in  the  minute 
veins.  The  capillaries  are  most  abundant  in  the  splenic  pulp, 
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and  also  on  the  surface,  and  in  the  interior,  of  the  Malpighian 
corpuscles.  The  smallest  veins  chiefly  end,  almost  imme- 
diately, in  larger  ones,  ■which  form  close  plexuses  and  venous 
diverticula  between  the  trabecula;.  Eecent  researches  sho'w, 
that  •whilst  some  of  the  arteries  end  in  capillaries,  from  ■which 
veins  arise  in  the  usual  manner,  other  of  these  vessels  end  in 
veins  ■which  suddenly  enlarge,  and,  lastly,  others  even  termi- 
nate in  Jacunce,  or  spaces  destitute  of  distinct  ■walls,  but 
bounded  only  by  the  elements  of  the  pulp  (Gray,  Billroth). 
The  interior  of  some  of  the  veins,  presents  a closely  dotted 
appearance,  from  the  numerous  openings  of  little  venules  or 
diverticula  around  them.  In  the  blood  of  the  veins,  splenic  cells, 
altered  blood  corpuscles,  and  clustered  blood  corpuscles,  are 
sometimes  found,  as  from  mutual  extra-  and  intra-vasation. 
The  blood  of  the  splenic  veins  contains,  however,  fe^wer  red 
corpuscles,  but  more  fibrin,  than  other  venous  blood.  On 
escaping  from  the  hilus,  the  venous  trunks  unite  to  form  the 
splenic  vein,  which,  like  the  other  tributaries  of  the  portal 
system,  is  destitute  of  valves ; some  of  the  veins  of  the  spleen 
pass  on  to  the  stomach,  and  join  with  its  veins.  The  hpnplia- 
tics  of  the  spleen,  divided,  as  usual,  into  a superficial  and  deep 
set,  are  by  no  means  numerous.  The  mode  of  origin  of  the 
deep  set,  is  imknovm.  It  has  been  supposed  that  the  cavities 
of  the  IMalpighian  bodies,  commimicate  directly  with  the  lym- 
phatics, but  this  has  not  been  proved.  The  spleen  is  supplied 
with  comparatively  few  nerves,  which  are  derived  from  the 
sympathetic  system. 

The  splenic  pulp,  with  its  granules,  nuclei,  and  nucleated 
cells,  must  be  the  seat  of  rapid  nutritive  and  formative  pro- 
cesses. The  bulk,  of  this  organ,  increases  in  a marked  man- 
ner diuing,  and  especially  towards  the  end  of,  the  process 
of  digestion ; an  enlargement  due,  not  only  to  an  increase  in 
the  quantity  of  blood  contained  in  the  splenic  vessels  at  that 
period,  but  also  to  a simultaneous  increase  in  the  quantity  of 
all  the  microscopic  elements  of  the  pulp  itself.  Even  the  i\Ial- 
pighian  corpuscles  increase  in  size,  and,  it  is  said,  in  number, 
after  the  digestive  process  is  completed.  Their  diminution  in 
both  respects,  in  states  of  exhaustion  and  innutrition  preceding 
death,  may  account  for  their  existence  in  ilan  having  been 
denied.  In  starving  animals,  the  Malpighian  bodies  are  cer- 
tainly feAv  and  small,  or  they  may  even  disappear ; whereas 
they  become  larger  and  more  abundant,  in  those  which  are  well 
fed.  The  coloured  cells,  or  altered  red  blood  corpuscles,  are 
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likewise  increased  in  number  in  highly  nourished  conditions 
of  the  body. 

Since  the  colourless  nuclei  and  nucleated  cells  of  the  spleen, 
bear  some  resemblance  to  lymph-corpuscles  in  an  early  stage 
of  development,  and  since,  in  certain  conditions,  such  cor- 
puscles, then  considered  as  nascent  white  blood  corpuscles,  are 
found  in  large  numbers  in  the  blood  of  the  minute  veins  and 
larger  venoiis  trunks,  the  spleen  has  been  regarded,  by 
Hewson  and  others,  as  one  of  the  seats  of  formation  of  the 
•white  corpuscles  of  the  blood,  probably  by  the  successive  sub- 
division of  old  cells,  thus  acting,  as  it  ivere,  as  a large  lymph- 
gland,  directly  connected  with  the  venous  system.  In  certain 
cases  of  enlargement  of  the  spleen,  white  corpuscles  are  found 
in  extraordinary  number  in  the  blood  of  the  splenic  vein,  so  as 
even  to  alter  its  colour,  and  the  number  of  these  white  cor- 
puscles in  the  blood,  generally  increases  to  such  an  extent,  that 
their  proportion  to  the  red  corpuscles,  may  be  as  high  as  1 to  10. 
This  condition  has  been  named  leuccemia  or  leucocythcemia, 
meaning  white  blood. 

It  has  also  been  supposed  (KoUiker,  Funke,  Billroth)  that  the 
spleen  may  be  the  seat  of  formation,  in  some  yet  undetermined 
way,  of  commencing  red  corpuscles.  The  small  bright  yellow 
corpuscles,  enclosed  in  larger  cells,  may  undoubtedly  be  traced 
in  the  spleen,  through  a series  of  intermediate  phases,  into  the 
ordinary  flattened  disc-like  red  corpuscle ; but  that  these 
appearances  indicate  an  upward  development,  is  doubtful.  On 
the  contrary,  it  is  suggested  that  the  red  blood  corpuscles, 
having  for  a time  performed  their  functions  in  the  circulation, 
and  having  lived,  as  it  were,  their  natural  life,  may  really 
undergo  disintegration  and  destruction  in  the  spleen  (KoUiker). 
This  hypothesis  requires  another  mode  of  interpreting  the 
microscopic  appearances  just  described,  as  to  the  alteration, 
agglomeration,  and  encystment  of  the  red  blood  corpuscles  in 
this  organ.  Since  clusters  of  altered  red  corpuscles,  are  found 
in  the  splenic  veins,  it  has  been  inferred  that  they  proceed 
from  the  interior  of  the  vessels,  and  are  extravasated  into  the 
pulp  when  sections  are  made  of  this  organ  ; but  if  the  'unde- 
fined spaces  or  lacunae,  described  by  Gray  and  BiUroth,  exist, 
the  presence  of  these  altered  blood  cells  in  both  the  pulp  and 
the  veins,  and  likewise  the  passage  of  the  Avhite  nuclear  and 
nucleated  elements  of  the  splenic  pulp  into  the  veins,  would 
be  easily  explained.  In  support  of  the  view  that  the  red  cor- 
puscles decay  in  the  spleen,  it  is  said  that  Avhen  the  spleen  is 
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removed  in  frogs,  these  corpuscles  become  heaped  or  aa^lome- 
rated  in  the  blood  itself  (Moleschott).  INIoreover,  as  the 
quantity  of  fibrin  in  the  blood  of  the  splenic  vein,  is  greater 
than  in  any  other  part  of  the  venous  system,  it  has  been  sug- 
gested that  this  excess  of  fibrin,  is  derived  from  the  partial 
oxidation  of  the  globulin  of  the  red  corpuscles,  which  are  rela- 
tively diminished  in  number  in  the  splenic  vein.  The  oxygen 
necessary  for  this  change,  is  that  belonging  to  the  corpuscles 
(Bedard). 

Active  and  important  chemical  changes,  however,  must  occur 
in  the  capillaries  and  in  the  pulp  of  the  spleen ; but  these  are 
not  yet  understood.  The  chemical  composition  of  the  pulp, 
which  resembles  closely  that  of  the  blood,  is  very  complex.  In 
every  1000  parts,  there  are  750  of  water,  242  of  organic,  and  8 
of  saline  and  earthy  matters.  The  organic  substances  consist 
chiefly  of  albumen,  or  some  albuminoid  body;  besides  this,  there 
are  traces  of  fat,  and  certain  quantities  of  pigment  like  that  of 
the  blood,  with  smaller  quantities  of  iuosite,  sarcin,  leucin, 
tyrosin,  xanthin,  and  even  of  uric  acid.  Soda  and  ii'on  are  the 
chief  inorganic  substances. 

The  variable  size  of  the  spleen  under  different  conditions  in 
the  same  person,  has  attracted  much  notice.  It  reaches  its 
largest  dimensions,  five  hours  after  a meal,  i.e.,  near  the 
termination  of  the  process  of  chymification ; seven  hours  later, 
provided  no  food  has  been  taken,  it  is  reduced  to  its  smallest 
size,  and  is  then  also  most  deficient  in  blood.  The  elasticity 
of  the  whole  fibrous  fi-amework  of  the  spleen,  including  its 
proper  coat,  the  sheaths  of  the  vessels  and  the  trabeculce,  and 
also  the  large  size  of  its  veins  and  the  absence  of  valves  in 
them,  facilitate  the  distension  of  this  organ  with  blood  during 
the  turgid  condition  of  the  vascular  system,  which  results  from 
the  venous  and  lacteal  absorption  of  the  products  of  digestion. 
The  resiliency  of  those  elastic  tissues,  will  also  favour  the 
diminution  of  the  organ  in  an  opposite  condition  of  the  sys- 
tem. But  the  pale  muscular  fibres  of  the  spleen,  which  exist 
in  abundance  in  the  larger  animals,  and  in  smaller  number  in 
Man,  may,  by  alternate  conditions  of  relaxation  and  contrac- 
tion under  the  influence  of  the  sympathetic  system,  or  of  some 
direct  stimulus,  materially  assist  in  these  remarkable  changes 
of  size.  Electrical  cui-rents  passed  through  the  spleen,  cause 
that  organ  to  contract.  It  has  long  been  supposed  that  the 
alternate  enlargement  and  diminution  of  the  spleen,  serve  a 
mechanical  purpose,  and  that  this  organ  acts  as  a diverticulum 
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to  the  entire  portal  venous  system,  or  to  the  vessels  of  the 
stomach  and  duodenum,  in  connection  with  certain  changes  in 
the  circulation,  dependent  on  digestion.  The  small  size  of  the 
spleen  during  that  process,  is  attributed  to  the  bloodvessels  of 
the  stomach  and  duodenum,  being  at  that  period  distended ; 
Avhilst,  when  digestion  is  completed,  those  vessels  dimhiish  in 
size,  and  the  spleen  enlarges.  The  spleen  is  certainly  quickly 
reduced  in  size,  when  the  portal  venous  system  is  unloaded 
by  haemorrhage  or  by  purgatives,  and  it  becomes  enlarged  in 
obstructive  diseases  of  the  liver  and  heart ; but  the  idea  of  its 
serving  specially  as  a diverticulum,  is  too  mechanical,  and  but 
partially  expresses  its  true  function.  A mere  plexus  of  blood- 
vessels would  have  sufficed  for  such  a purpose,  without  the 
co-operation  of  a peculiar  parenchyma,  like  the  splenic  pulp  ; 
moreover,  as  already  stated,  not  merely  are  the  bloodvessels 
of  the  spleen,  distended  during  its  periodic  enlargement,  but 
the  splenic  pulp  itself,  and  even  the  little  Malpighian  bodies, 
are  obviously  increased  in  volume. 

Notivithstanding  much  that  is  obscure  in  the  history  of  this 
organ,  it  would  seem,  from  the  abimdance  and  character  of 
its  microscopic  elements,  its  chemical  composition,  its  large 
supply  of  bloodvessels,  and  the  peculiar  relation  of  these  to 
the  pulp,  that  the  spleen  probably  has  for  its  office,  as  an 
assimilative  or  nutritive  gland,  the  elaboration  of  the  albu- 
minoid constituents  of  the  blood,  and  perhaps,  as  Hewson 
long  ago  suggested,  the  formation,  like  the  lymphatic  glands, 
of  the  germs  of  the  -white  and  red  blood  corpuscles.  The  sup- 
position that  it  is  also  the  seat  of  a degeneration  of  the  red 
corpuscles,  is  no  contradiction  to  such  a view.  Some  of  the 
materials  of  the  old  corpuscles,  as,  e.g.,  the  pigment,  may  be 
used  up  again  in  the  formation  of  new  ones  ; for,  like  all  duct- 
less glands,  the  spleen,  whilst,  on  the  one  hand,  it  abstracts 
materials  from  the  blood,  by  special  nutritive  processes,  on 
the  other,  it  returns  to  that  fluid,  in  some  altered  condition,  all 
that  it  has  so  attracted  from  it. 

The  supra-renal  bodies  or  capsules. — These  organs,  two  in 
number,  one  on  each  side  of  the  body,  are  small,  flat,  trian- 
gular, yellowish  masses,  placed  on  the  summit  of  the  corre- 
sponding kidneys,  which  they  surmount  like  a cocked  hat. 
Each  measm’es  about  1-^  inch  in  Avidth  and  2 or  3 lines  in  thick- 
ness, and  weighs  nearly  2 drachms.  They  consist  of  an  outer 
deep- yellow,  firm,  cortical  portion,  and  of  an  inner  dark,  soft, 
medullary  part,  the  Avhole  organ  being  invested  by  a proper 
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areolar  coat,  ■wliich  sends  prolongations  into  its  interior.  Tlie 
cortical  part  presents  numerous  oval  loculi,  or  spaces,  in  the 
areolar  framework,  placed  end  to  end  in  little  rows  or  columns, 
and  arranged  perpendicularly  to  the  surface.  These  loculi  were 
formerly  thought  to  be  oval  or  tubular  closed  vesicles,  with 
distinct  walls  ; but  they  are  merely  interspaces  in  the  areolar 
framework  of  the  organ.  They  contain  a granular  plasma, 
composed  of  an  abrmdance  of  granules,  noth  few  or  many  fat 
particles,  nuclei,  and  nucleated  cells ; towards  the  centre  of  the 
organ,  the  cells  are  larger,  and  less  regularly  arranged,  so  that 
the  columnar  appearance  is  there  lost.  The  medullarij,  or 
softer  central  portion,  is  composed  of  a delicate  filamentous 
tissue,  connected  with  the  areolar  tunic  and  framework  of  the 
cortical  substance,  and  having  in  its  interspaces  also,  besides 
bloodvessels,  a granular  plasma,  containing  nuclei  and  certain 
cells,  the  latter  resembling  the  ganglionic  cells  of  grey  nervous 
substance  (Leydig,  Kcilliker).  The  arteries,  niuuerous  and 
small,  reach  the  supra-renal  bodies  at  many  points  of  their  sur- 
Ikce,  and  ramifj'  between  the  rows  of  loculi,  ending  in  capillary 
networks  around  them.  The  veins,  also  numerous,  are  col- 
lected into  a plexus  in  the  centre  of  the  organ,  where  a venous 
sinus,  sometimes  taken  for  a gland  cavity,  is  found.  The 
lymx>hatics  are  said  to  be  not  very  numerous.  The  nerves, 
however,  are  very  large,  and  are  derived  chiefly  from  the  sj’m- 
pathetic,  but  also  in  part  from  fibres  of  the  pneumo-gastric 
aud  phrenic  nerves. 

From  the  quantity  of  blood  received  by  the  supra-renal 
bodies,  and  from  the  number  and  character  of  their  microscopic 
elements,  it  is  evident  that  the  nutritive  processes  which  take 
place  within  them,  are  very  active.  Probably,  hke  the  spleen, 
they  modify  the  blood  passing  through  them,  by  subtracting 
from  it,  and  retriruing  to  it,  certain  materials  in  an  altered  form ; 
but  their  precise  ftmction  is  unknown,  whether  this  be  entirely 
elaborative,  or  partly  destructive.  A curious  bronzed  colour 
of  parts  of  the  skin,  has  been  frequently  seen  in  disease  of  the 
supra-renal  capsules  (Addison,  Hutchinson)  ; but  cases  of 
similar  cittaneous  bronzing,  have  been  noted,  in  which  the 
capsules  were  healthy  (Parkes,  Hiuley) ; moreover,  these 
organs  have  been  found  diseased  without  bronzing  of  the  skin 
(Kirkes,  Day,  Hutchinson).  From  the  numerous  cells,  like 
ganglionic  cells,  in  the  medullary  portion  of  these  bodies,  it  has 
been  suggested  that  this  part  may  constitute  a nervous  ap- 
paratus, or  be  nutritively  connected  with  the  nervous  system. 
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The  Pituitary  Body. — The  posterior  lobe  of  this  body 
(vol.  i.  p.  305)  consists  of  true  nervous  substance  ; but  its 
anterior  lobe  is  composed  of  an  areolar  ffamework,  forming 
loculi  or  spaces,  which  contain  a granular  plasma,  nuclei,  and 
nucleated  cells  of  various  forms,  a structure  somewhat,  though 
not  precisely,  like  that  of  the  cortical  part  of  the  supra-renal 
capsules,  or  the  vesicles  of  the  thyroid  body.  It  may,  there- 
fore, be  temporarily  classified  with  the  ductless  glands,  though 
not  from  any  established  identity  or  similarity  of  function, 
which  is  wholly  unknown. 

The  Thyroid  Body. — This  body,  commonly  named  the  thy- 
roid gland,  is  a soft,  reddish-brown,  vascular  organ,  placed  upon 
the  front  and  sides  of  the  upper  part  of  the  trachea,  and  reach- 
ing upwards  to  the  sides  of  the  larynx,  to  which  it  is  sus- 
pended. It  is  formed  of  two  lateral,  someAvhat  pyriform  lobes, 
joined  together,  at  their  lower  and  larger  ends,  by  a transverse 
part,  named  the  isthmus.  The  lobes  are  about  2 inches  long, 
and  measure  of  an  inch  in  their  thickest  part.  The  thyroid 
body  varies  in  Aveight  from  1 to  2 ounces ; it  is  larger  in  the 
female  than  in  the  male. 

The  thyroid  body  differs  in  structure  from  the  other  ductless 
glands,  inasmuch  as  its  proper  tunic  and  framework  of  areolar 
tissue,  forms  loculi,  in  which  are  embedded  multitudes  of 
rounded  closed  vesicles,  bounded  by  a distinct  membrana 
propria,  and  lined  by  an  epithelium.  The  vesicles,  Avhich  mea- 
sure from  o-jj-Q-Qth  to  -g^th  of  an  inch  in  diameter,  contain  a 
viscid,  clear,  albuminous  fluid,  in  Avhich  are  found  nuclei 
and  cells  resembling  the  uniform  epithelial-like  layer.  The 
arteries,  four  in  number,  and  of  considerable  size,  end,  between 
and  upon  the  Avails  of  the  vesicles,  in  a close  capillary  net- 
Avork,  Avhich  empties  itself  into  the  veins.  The  lymphatics  are 
numerous  and  large  ; their  relations  to  the  structural  elements 
of  the  thyroid  body,  are  unknoAvn ; but  it  is  supposed,  from 
their  relative  size  and  abundance,  that  they  are  more  con- 
cerned in  returning  the  contents  of  the  thyroid  vesicles  to  the 
blood,  than  the  lymphatics  of  the  supra-renal  bodies,  or  spleen, 
are,  in  regard  to  those  organs. 

Enlargement  of  the  thyroid  body  constitutes  the  disease 
knoAvn  as  goitre,  in  Avhich  the  condition  of  Avhite  blood,  leuco- 
cythsemia,  or  leucaemia,  is  often  induced.  In  such  cases,  the 
nucleated  cells  of  the  thyroid  body,  and  their  contained 
nuclei,  are  smaller  than  usual,  and,  a fact  of  much  interest, 
the  Avhite  corpuscles  of  the  blood  are  not  only  more  numerous 
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than  in  health,  but  are  also  unusually  small.  This  so  far 
favours  the  view,  that  the  thjroid  body  may  aid  in  the  forma- 
tion of  the  morphological  constituents  of  the  blood. 

The  thyroid  body  may  also  influence,  like  the  other  duct- 
less glands,  the  chemical  composition  of  the  circulating  fluid. 
The  chief  constituent  of  the  glairy  fluid  of  the  thyroid  vesicles, 
is  of  an  albuminoid  nature ; but,  unlike  the  splenic  pulp,  it  con- 
tains a noticeable  quantity  of  fatty  matter.  Its  extractives  and 
salts  differ  in  no  important  particular,  from  those  of  the  blood. 

Some  physiologists  have  supposed  that  the  thyi-oid  body 
acts  mechanically,  as  an  occasional  diverticulum  for  the  blood 
concerned  in  the  cerebral  circulation ; but  the  evidence  of 
this,  is  even  less  than  that  adduced  on  behalf  of  a similar 
hypothesis  concerning  the  spleen  and  the  portal  circulation. 

The  goitrous  enlargement  of  the  thyroid  body,  which  produces  such 
unsightly  disfigurement  of  the  neck,  is  most  frequently  met  vith  in 
females.  It  prevails  in  particular  countries,  and  in  particular  districts 
of  those  countries.  Thus,  it  is  met  ■ndth  chiefiy  in  the  north  of  Italy, 
and  in  certain  cantons  of  Switzerland,  most  markedly  in  the  canton  of 
the  Valais.  In  other  European  countries,  it  is  met  with  much  less  fre- 
quently ; but  still  asserts  a preference  for  particular  districts.  In  Eng- 
land, it  is  most  common  in  Derbyshire,  and  hence  its  popular  name,  the 
Derbyshire  neck  ; but  it  is  observed  in  many  other  scattered  localities. 
In  spite  of  careful  investigations,  involving  researches  into  the  climate, 
solar  infiuence,  atmospheric  peculiarities,  rain-fall,  soil,  and  drinking- 
water  of  those  districts,  and  into  the  manifold  conditions  of  existence  of 
the  people,  the  true  cause  of  goitre  has  not  yet  been  inductively  ascer- 
tained. It  is  more  common  in  the  country  than  in  towns,  and  is  almost 
entirely  confined  to  hilly  and  mountainous  districts,  being  more  particu- 
larly observed  in  the  valleys  of  those  districts  ; but  it  is  not  prevalent 
in  all  elevated  or  mountainous  regions.  It  has  been  variously  attributed 
to  tlie  deficiency  of  oxygen  in  the  higher  levels  of  the  atmosphere : to  the 
want  of  solar  light  in  valleys,  esp>ecially  since,  as  is  alleged,  it  prevails 
more  on  the  southeru,  and  comparatively  sunless,  sides  of  such  valleys : 
to  the  habitual  use  of  drinking  water  derived  from  the  melting  of  glaciers 
or  of  snow,  and  therefore  almost  entirely  destitute  of  saline  and  earthy 
salts  ; and,  again,  on  the  contrary,  to  the  presence  of  lime,  but  particu- 
larly of  magnesia,  in  such  water,  derived  from  the  limestone  or  mag- 
nesian limestone,  often  found  in  districts  in  which  goitre  is  common. 
Lastly,  its  special  prevalence  amongst  females,  has  been  assigned  to  the 
custom,  in  hiUy  districts,  of  carrying  water,  or  other  heavy  substances,  on 
the  head,  by  which  it  is  alleged  that  the  muscles  of  the  neck  compress 
the  veins,  and  so  cause  congestion,  and  ultimate  enlargement  of  the 
thyroid  body. 

In  the  canton  of  the  Valais,  where  goitre  prevails  in  its  most  intense 
form,  it  is  often  associated  with  an  arrest  of  development  of  the  whole 
frame,  especially  of  the  skull  and  brain,  which  constitutes  the  condition 
known  as  Cretinism.  The  Cretin  may,  indeed,  be  said  to  be  a small 
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idiotic  human  being,  distingiushed  from  ordinary  idiots,  by  the  thyroid 
body  being  enlarged  or  goitrous.  But  in  the  Cretin  districts,  persons  of 
full  stature,  of  duly  proportioned  cranial  and  cerebral  development,  and 
of  ordinai'y  intellectual  capacity,  are  seen  with  goitres  larger  even  than 
those  found  in  Cretins  themselves. 

The  thymus  body,  or  thymus  gland. — This  ductless  gland 
is  a temporary  organ  in  the  animal  economy.  Present  in  the 
embryo,  it  attains  its  largest  relative  size  to  the  body  in  the 
infant,  and  seems  to  be  most  active  in  function  a short  time 
after  birth,  growing  up  to  that  period  even  faster  than  the  bod)u 
It  then  continues  to  grow,  so  as  to  keep  pace  Avith  the  rest  of 
the  body,  up  to  the  age  of  two  years  ; but  soon,  it  no  longer 
increases  Avith  the  body,  and,  at  about  tAvelve  years  of  age,  is 
usually  changed  into  a fatty  mass;  according  to  Friedleben, 
it  may  grow  a little  after  the  second  year,  and  not  become 
fatty  until  after  puberty.  Finally,  especially  in  thin  persons, 
it  gradually  Avastes,  so  as  to  leave  nothing  but  a mere  vestige 
behind. 

In  its  most  complete  condition,  it  forms  a double  organ, 
composed  of  tAvo  lateral  irregular  lobes,  joined  by  a central 
ma.ss,  and  situated  partly  in  the  loAver  region  of  the  neck  and 
partly  in  the  thorax,  lying  upon  the  trachea  and  the  great 
bloodvessels.  It  measures,  at  birth,  about  2 inches  in  length, 
and  Aveighs  half  an  ounce.  It  is  a soft,  pinkish-grey  body, 
consisting  on  each  side  of  a string  of  compressed  lobules,  con- 
nected together  by  an  elongated  part,  like  a cord.  A strong 
areolar  coat  encloses,  and  connects,  the  Auirious  lobules,  and 
sends  interA'ening  coverings  between  their  ultimate  subdivi- 
sions. The  lobules,  or  acini,  are  composed  of  a soft  milk-Avhite 
parenchyma,  consisting  of  granular  matter,  nuclei,  and  nu- 
cleated cells  ; the  central  part  of  each  lobule,  is  so  soft  or  fluid, 
that,  when  opened,  a cavity  is  found,  Avhich  extends  into  the 
secondary  lobules,  of  which  the  primary  ones  are  composed. 
The  cord  which  connects  the  lobules  together,  contains  the 
same  parenchymatous  substance,  and  is  likewise  soft  or  fluid 
in  the  centre,  so  as  to  form  a cavity,  called  the  reservoir  of  the 
thymus  ; this  communicates  Avith  the  soft  cavities  of  all  the 
lobules,  and  also  Avith  certain  small  sacculi  situated  in  its 
Avails.  Each  lateral  half  of  the  thymus,  has  its  proper  reser- 
voir, the  tAvo  sometimes  communicating  through  the  central 
transverse  mass.  The  cavities  Avithin  the  lobules  and  con- 
necting cord,  are  not  lined  by  a distinct  limitary  membrane 
and  epithelium ; the  fluid  Avithin  them,  is  milky  Avhite,  and 
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resembles  chyle.  It  contains  nuclei  and  nucleated  cells,  simi- 
lar to  those  of  the  white  parenchyma  itself.  IMany  of  these 
closely  resemble  the  developing  lymph-corpuscles  found  in  the 
locrdi  of  the  lymphatic  glands,  and,  therefore,  also  the  white 
corpuscles  of  the  blood.  No  minute  fatty  molecules,  similar  to 
those  forming  the  “ molecular  basis  ” of  the  chyle,  are  found, 
however,  in  the  white  fluid  of  the  thymus.  To  chemical  ana- 
lysis, this  body  yields  about  20  per  cent,  of  solid  matter,  chiefly 
albumen,  some  gelatin,  only  a Little  fatty  matter,  and  traces 
of  sugar,  leucin,  sarcin,  xanthin,  salts  of  formic,  acetic,  succinic, 
and  lactic  acids,  chloride  of  potassium,  and  alkaline  and  earthy 
phosj)hates.  The  bloodvessels  of  the  thymus  are  large  and 
numerous  ; the  arteries  penetrate  to  the  central  cavity,  and 
thence  ramify  towards  the  surface  of  the  lobules ; the  capil- 
laries traverse  the  soft  white  parenchyma  in  all  directions,  the 
chief  terminal  plexuses  being  near  the  surface  of  the  lobules ; 
the  veins  are  large  and,  what  is  unusual,  do  not  accompanj- 
the  arteries.  The  lymphatics  are  also  numerous  and  of  great 
size,  terminating,  some  in  the  thoracic  duct,  others  in  the 
right  lymphatic  duct,  and  others  directly  in  the  neighbouring 
large  veins.  It  is  supposed  that  the  lymphatics  assist  in  con- 
veying the  contents  of  the  cavities  of  the  thymus  into  the 
blood  ; but  their  dii'ect  communication  tvith  those  cavities  has 
not  been  demonstrated.  The  nerves  are  small,  and  are  de- 
rived from  the  pneumogastric  nerve,  and  the  sympathetic 
system. 

The  office  of  the  thymus,  would  seem  to  be,  to  prepare  au 
albuminoid  pabulum,  fitted  for  the  formation  and  maintenance 
of  the  blood,  exactly  at  that  period  of  life  when  growth  is  rela- 
tively most  rapid,  he.,  in  the  earliest  y^ears  of  infancy.  It  is 
possible,  moreover,  that  its  nuclei  and  nucleated  cells,  espe- 
cially those  which  resemble  the  lyunph-corpuscles,  are  the  germs 
of  fiiture  white  blood  corpuscles,  a view  especially  urged 
by  Ilewson.  The  almost  complete  absence  of  fatty  matter, 
hydrocarbons,  or  carbhyulrates,  from  the  thymus,  as  well  as 
from  the  thyroid  body  and  spleen,  would  seem  opposed  to  the 
idea,  that  any  of  these  organs  stored  up  such  sitbstances  for  the 
direct  purposes  of  combustion.  Yet  it  has  been  conjectured 
that  the  fluid  of  the  thymus,  forms  a reserve  of  material  suited 
for  oxidation  in  the  respiratory  process,  at  a time  when  such 
matters,  derivable  from  the  waste  of  muscular  tissue,  are  by  no 
means  abundant  (Simon).  Later,  however,  in  fully  nourished 
children,  the  thymus  becomes  quite  fatty,  its  nucleated  cells 
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being  converted  into  adipose  cells,  which  might  then  yield 
their  fatty  combustible  matter  to  the  blood.  In  the  hyberna- 
ting  Mammalia  also,  this  organ  continues  to  grow  more  rapidly 
than  the  body,  up  to  the  adult  period  of  life,  and,  when  thus 
persistent,  contains  much  adipose  matter.  This  is  also  said  to 
be  the  case  in  most  Eeptiles.  It  was  at  one  time  held,  that  the 
thymus  body  acted  as  a diverticulum,  in  regard  to  the  j^rdmo- 
nary  circulation,  in  the  child. 

The  closed  sacs  of  the  tongue,  tonsils,  pharynx,  stomach, 
and  intestinal  canal. — These,  as  elsewhere  described  (p.  158), 
whether  solitary  or  clustered,  may  be  regarded  as  minute 
representatives  of  the  larger  ductless  glands,  to  which  in  their 
closed  form,  their  vascularity,  and  their  albuminoid,  granular, 
nuclear,  and  nucleated  cell-contents  they  bear  a certain 
generic  resemblance.  They  might,  indeed,  be  compared  to 
the  Malpighian  bodies  of  the  spleen ; but  they  differ  troTn  the 
vesicles  of  the  thyroid  body,  in  having  no  distinct  cavity  lined 
by  an  epithelium.  They  might  be  said  to  stand  in  the  same 
relation  to  the  larger  ductless  glands,  that  the  small  and  simple 
tubular  glands  of  the  stomach  and  intestine,  do  to  the  large 
secreting  glands,  with  extensive  excretory  ducts. 

The  ductless  or  vascular  glands  considered  generally. — ■ 
Before  the  structure  of  these  organs  was  less  understood  than 
it  is  at  present,  they  were  sometimes  supposed  to  possess  parts 
analogous  to  the  terminal  acini,  vesicles,  or  dilated  ends  of  the 
ducts  of  true  secreting  glands ; and  the  absence  of  the  ducts 
themselves,  was  said  to  form  the  most  marked  distinction  be- 
tween them  and  these  glands.  But  the  thyroid  body  alone  has 
distinct  vesicles,  limited  by  a membrana  propria  and  an  epithe- 
lium, and  so  far  approximating  to  the  characters  exhibited  by 
the  commencing  ducts  of  a secreting  gland.  In  the  spleen, 
and  even  in  the  supra-renal  bodies,  the  inter-trabecular 
areolae,  and  the  columnar  loculi,  are  not  so  surrounded,  but 
are  mere  interspaces  in  an  areolar  framework.  The  minute 
encapsuled  Malpighian  bodies  of  the  spleen,  and  likewise  the 
closed  sacs  of  the  alimentary  canal,  have  no  lining  epithelium 
or  true  basement  membrane.  The  branching  sacculated 
canals,  and  secondary  cavities,  or  acini  of  the  thymus,  cannot 
be  compared  to  true  glandular  structures,  for  they  also  are 
destitute  of  a lining  membrane  and  epithelium.  Indeed  these 
ductless  glands,  instead  of  resembling  the  secreting  glands 
with  ducts,  possess  characters  approximating  them  rather  to 
the  lymphatic  glands,  -with  their  numerous  loculi  and  albu- 
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niinoid  corpuscular  contents ; but  they  differ  in  this,  that 
tlieir  cavities  do  not  open  directly  into  the  lymphatic  vessels. 

Considered  generally,  their  proper  parenchyma,  ■with  its 
granular  plasma,  nuclei,  and  nucleated  cells  in  various  stages 
of  growth,  constitutes  their  most  important  and  characteristic 
anatomical  element.  The  rest  of  their  structure,  is  either  the 
frame'work  of  the  organ,  or  consists  of  the  bloodvessels,  lym- 
phatics, and  nerves. 

Tlie  physiological  influence  of  these  organs  in  the  economy, 
must  be  exercised  on  the  blood,  and  must  be  exerted,  especially 
through  a nutritive  process,  by  the  nuclear  and  nucleated 
cell-hke  constituents.  The  blood  entering  such  an  organ, 
yields  to  it,  by  exudation  through  the  walls  of  the  capillaries, 
a common  plasma,  from  which,  by  a nutritive  process  depen- 
dent on  the  special  attractive,  selective,  and  assimilative 
powers  of  the  microscopic  elements,  certain  special  materials 
are  separated.  The  residue  of  the  plasma,  re-enters  the  circu- 
lation, either  directly  through  venous,  or  indirectly  through 
lymphatic  absorption,  as  in  every  instance  of  simple  nutrition. 
Hence,  in  the  first  place,  the  blood  which  passes  through  these 
organs,  must  be  modified,  as  in  all  nutrition,  by  the  abstrac- 
tion of  certain  of  its  constituents ; and  the  effect  is  peculiar 
in  each  organ. 

But,  secondly,  the  proper  .siibstance  of  these  ductless  glands, 
cannot  remain  unchanged  and  inactive,  subject  to  no  further 
metamorphoses,  and  productive  of  no  special  influence  upon, 
or  service  in,  the  economy.  On  the  contrary,  it  would  seem 
certain,  that  something  must  also  be  added,  by  their  agency,  to 
the  blood  as  it  passes  through  them.  The  materials  attracted 
from  the  blood  by  their  proper  substance,  and  elaboi'ated 
within  them  by  a sort  of  nutrient  secretive  act.  are  returned, 
more  or  less  altered,  into  the  blood  current.  This  may  chiefly  be 
accomplished  by  solution  and  venous  absorption  in  the  spleen, 
supra-renal  bodie.s,  and  thyroid  body,  or  b}"  lymphatic  ab- 
sorption in  the  thymus  and  closed  sacs  of  the  alimentary 
mucous  membrane,  or  by  occasional  opening  of  the  loculi  into 
the  veins,  as  in  the  spleen,  or  into  the  lymphatics,  as  conjec- 
tm-ed  by  some  to  be  the  case  in  the  thymus. 

By  both  subtraction  and  addition  of  material,  the  blood 
must  be  specially  modified,  as  it  passes  through  those  organs, 
Avhich,  from  their  various  actions,  contribute,  therefore,  to  the 
elaboration  and  maintenance  of  the  complex  chemical  constitu- 
tion of  the  blood.  It  is  for  the  preparation  of  the  albuminoid 
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constituents  of  the  blood,  that  these  organs  are  destined,  and  not 
for  the  formation  of  Ihtty  matter,  which  is  so  scanty  in  their 
composition.  Their  action  upon  the  colouring  matters,  which  are 
also  albuminoid,  maybe,  in  the  case  of  the  spleen  andsupra-renal 
bodies,  to  decompose  or  re-compose  those  peculiar  substances. 
Moreover,  from  the  resemblance  of  the  microscopical  ele- 
ments of  their  abundant  and  characteristic  parenchyma,  to 
the  white  blood  corpuscles,  they  are  probably  concerned  in  the 
formation  of  those  bodies,  and  therefore  of  the  future  red  cor- 
puscles, assimilating  the  nutrient  plasma  of  the  blood  into 
distinct  morphological  elements,  just  as  the  lymphatic  glands 
and  vessels  develop  a corpusculated  fluid  in  their  interior. 
Hence,  both  chemically  and  morphologically,  the  blood  glands 
are  believed  to  contribute  to  the  important  process  of  sanguifi- 
cation. The  products  of  nutrient  secretion,  formed  by  these 
organs,  all  enter  the  systemic  veins,  excepting  those  elaborated 
by  the  spleen,  which  first  enter  the  portal  blood,  and  so  pass 
through  the  liver,  before  they  reach  the  right  side  of  the  heart, 
to  be  sent  to  the  lungs. 

It  is  remarkable  that  all  the  large  ductless  glands  are  pre- 
sent and  active  during  embryonic  life,  and  also  in  the  most 
active  period  of  growth  after  birth.  The  supra-renal  bodies, 
at  first,  in  the  embryo,  much  larger  than  the  kidneys,  are,  in 
the  adult,  only  -^gth  part  of  the  weight  of  those  glands.  The 
thymus  especially  ceases,  after  birth,  to  grow  in  proportion  to 
the  rest  of  the  body,  and  then  gradually  wastes ; a positive 
relation  has  been  observed,  in  young  animals,  between  its  size 
and  the  state  of  their  nutrition.  The  thyroid  body  and  the 
pituitary  body  are  also  larger  proportionally  in  the  embryo 
and  the  infant,  than  in  the  adult ; but  they  continue  to  be 
present  throughout  life.  At  birth,  the  w'eight  of  the  thyroid 
body,  as  compared  with  that  of  the  body  generally,  is  as 
1 to  250  or  1 to  400 : but  it  soon  ceases  to  enlarge  with  the 
body,  for,  after  three  weeks,  the  proportions  are  as  1 to  1166, 
and  in  the  adult  only  as  1 to  1800  (Krause).  The  spleen, 
however,  enlarges  with  the  body,  and  maintains  its  propor- 
tionate size  ; but  it  is  undoubtedly  largest  in  the  most  active 
period  of  life,  about  early  manhood.  As  to  the  closed  sacs  of 
the  tonsils,  tongue,  pharynx,  and  solitary  and  agminated 
glands  of  the  stomach  and  intestine,  they  exhibit  a continuous 
development  with  the  rest  of  the  body,  and  are  permanent 
structures. 

Finally,  it  would  seem,  that,  whatever  may  be  the  general  or 
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special  uses  of  the  ductless  glands,  some  of  them,  at  least,  are 
not  absolutely  essential  to  life.  The  thymus,  though  very 
large  in  the  early  period  of  development  and  growth,  ulti- 
mately disappears  as  a distinct  organ.  The  thj^roid  body  may 
be  totally  altered  by  disease,  becoming  cystic,  indurated,  or 
filled  with  earthy  deposits,  Avithout  serious  detriment  to  the 
health.  The  spleen  has  been  extirpated  from  animals,  Avith- 
out  any  obvious  ill  consequences,  and,  it  is  said,  in  a feAr 
cases,  CA'cn  irom  the  human  body.  In  certain  animals,  the 
spleen  is  multiple,  minute  detached  spleens,  named  splenculi, 
existing  near  the  principal  organ.  When  the  latter  is  re- 
moved, the  splenculi  become  enlarged,  and  so  supply,  physio- 
logically, the  place  of  the  extirpated  spleen.  In  other  cases, 
the  lymphatic  glands  of  the  neck  and  axiUa,  have  become  in- 
creased in  size  ; and,  on  the  Avdiole,  the  result  of  such  experi- 
ments, AA'OAild  seem  to  shoAv,  not  the  want  of  importance  of  the 
spleen,  but  that  its  functions  may  be  performed,  as  it  A\’ere 
vicariously,  by  other  organs  of  the  body.  The  same  may  be 
true  in  cases  in  Avhich  the  thyroid  body  is  diseased.  It  is 
said,  hoAvever,  that  in  animals,  after  removal  of  the  spleen,  the 
quantity  of  iron  in  the  blood,  is  diminished,  and  that  the  appetite 
becomes  voracious,  and  the  temper  fierce.  Eemoval  of  the 
supra-renal  bodies  is  fatal ; according  to  some,  directly,  owing 
to  the  retention  of  some  poisonous  substance  in  the  blood ; 
according  to  others,  indirectly,  as  a consequence  of  the  inci- 
dental injury  to  the  nerves  and  other  neighbouiung  parts 
(Harley). 

THE  LIVER  CONSIDERED  AS  A BLOOD  GLAND.  GLA'COGENIC 
FUNCTION  OF  THE  LIA'ER. 

The  action  of  the  ductless  or  nutritrie  glands,  auz.  that  of 
extracting  material  from  the  blood,  elaborating  it,  and,  in- 
stead of  eliminating  it  by  ducts,  returning  it  into  the  blood, 
by  means  of  venous  or  lymphatic  absorption,  is,  to  a certain 
extent,  imitated  by  the  liver,  the  largest  secreting  gland  in  the 
body.  In  the  embryo,  the  liver  is,  indeed,  a true  blood  gland, 
blood  corpuscles  even  being  developed  in  its  capillary  net- 
Avork.  But  probably  then,  and  certainly  after  birth,  the 
hepatic  nucleated  cells,  which  secrete  the  bile,  like  the  special 
parenchyma  of  the  ductless  glands,  attract  and  assimilate 
material  from  the  blood,  and  form  a peculiar  substance,  which 
is  not  discharged  by  the  bileducts,  but  enters  the  blood  either 
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through  the  veins  or  the  lymphatics;  most  j^robably,  hoAv- 
ever,  through  the  former.  But  this  sixbstance,  is  not  albu- 
minoid, like  the  supposed  products  of  the  assimilative  action 
of  the  ductless  glands;  it  is  amyloid,  forming  an  animal 
starch,  closely  resembling  the  amylaceous  substances  developed 
so  abundantly  in  the  Vegetable  Isingdom.  By  Claude  Ber- 
nard, its  discoverer,  it  was  named  glycogene,  fi’om  its  yielding 
sugar  Avhen  mixed  with  ferments ; it  has  also  been  called 
hcpatine  (Pavy),  and  zo-amyline  (Eouget).  It  is  obtained 
by  bruising  the  substance  of  the  liver  in  water,  boiling  the 
fluid  to  coagulate  the  albumen,  filtering  through  animal  char- 
coal, and  then  precipitating  the  substance  sought  for,  by 
means  of  pure  acetic  acid,  or  alcohol.  It  is  Avhite,  taste- 
less, flocculent,  and  readily  soluble  in  pure  Avater ; Avith  iodine, 
it  forms  a reddish  violet  compound,  the  colour  of  Avhich  dis- 
appears at  a temperature  of  176°,  but  returns  on  cooling.  It 
does  not  reduce  the  salts  of  copper.  Minute  granules,  appa- 
rently covered  Avith  an  albuminous  fibrin,  are  found  in  the 
hepatic  cells  ; these  are  not  fatty,  being  insoluble  in  ether,  but 
they  behave  with  re-agents  in  such  a manner,  as  probably  to  be 
particles  of  this  substance.  Its  atomic  composition  is  identical 
Avith  that  of  starch,  dextrin,  and  grape  sugar,  Cg  Hjg  Og, 
but  its  general  properties  are  intermediate  between  those 
of  starch  and  dextrin.  Like  dextrin,  Avhen  dissolved  in 
AA'ater,  glycogen  is  immediately  transformed  into  grape  sugar 
by  albuminoid  ferments,  as  is  proved  by  the  solution  then 
decomposing  the  salts  of  copper,  and  turning  the  rays  of 
polarised  light  to  the  right  hand,  and  also  by  its  readily 
passing  into  the  alcoholic,  or  the  lactic  acid,  fermentation. 

An  amyloid  or  cellulose  substance  Avas  long  ago  found  in 
the  Tunicated  animals  (Schmidt),  and  amyloid  bodies  have 
since  been  observed  in  other  Non-vertebrate  animals  (Carter). 
In  a peculiar  degeneration  of  various  tissues  and  organs  of  the 
human  body,  as  of  the  nervous  substance,  muscles,  liver, 
spleen,  kidneys,  prostate,  and  other  parts,  amyloid  bodies,  or 
so-called  corpora  amylacea,  have  been  frequently  met  with 
(VirchoAAq  Mekel,  Eouget).  Bernard  himself  detected  a 
glycogenic  substance  in  the  placenta,  and  in  A'arious  embry- 
onic tissues,  especially  in  the  muscles,  though  he  thought  it 
disappeared  from  them  in  after  life.  Amyloid  substance  is 
sometimes  certainly  present  in  healthy  muscle ; it  has  been 
found  in  the  muscles  of  the  horse  a feAv  houj's  after  feeding, 
though,  in  the  fasting  condition,  none  is  present.  The  occur- 
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rence  of  a starchy  substance,  is,  therefore,  as  Rouget  believes, 
by  no  means  confined  to  the  tissues  of  vegetables,  nor  even  to 
the  liver  amongst  the  animal  organs,  but  this  substance  may, 
under  certain  conditions,  be  a product  of  the  nutritive  action  of 
nearly  all  the  tissues. 

The  glycogenic  function  of  the  liver  is,  however,  most 
remarkable,  and  constitutes  a special  assimilative  office,  super- 
added  to  its  ordinary  use  of  secreting  bile.  Since  neither 
glycogen  nor  sugar  is  found  in  the  bile,  it  is  obvious  that,  if 
this  animal  starch  be  employed  in  the  economy,  it,  or  some 
product  of  it,  must  enter  the  blood,  either  directly  through  the 
veins,  or  indirectly  through  the  lymphatics.  It  is  now  kno'wn 
that,  not  the  glycogen  itself,  but  the  sugar  resulting  from  its 
transformation,  is  absorbed  by  the  hepatic  veins.  The  detec- 
tion of  considerable  quantities  of  sugar  in  the  blood  of  the 
hepatic  veins  and  of  the  right  auricle  of  the  heart,  led.  indeed,  to 
the  discovery  of  the  glycogenic  function  of  the  liver.  At  first 
it  was  supposed  by  Bernard,  that  the  sugar  itself  was  formed  by 
that  organ.  That  this  is  not  derived  directly  from  starch  or 
sugar  in  the  food,  is  shown  by  its  occmnrence  in  animals 
killed  after  being  fed,  for  at  least  a month,  on  meat  alone. 
That  the  sugar  comes  from  the  liver,  is  shown  by  the  fact,  that 
after  injecting  water  into  the  portal  vein,  until  the  fluid 
escaping  from  the  hepatic  veins,  is  colourless  and  free  from 
sugar,  it  is  possible,  after  waiting  a certain  number  of  hours,  to 
obtain,  by  injecting  more  water,  a further  supply  of  sugar’. 
Hence  Bernard  concludes,  not  merely  that  the  sugar  is  pro- 
duced in  the  liver,  but  that  it  must  be  formed  by  a slorv, 
chemical,  and  not  irecessarily  vital,  change  of  an  amyloid  sub- 
stance within  the  liver.  By  ti’eating  the  liver  substance  in 
the  mode  already  mentioned,  the  glycogen  is  then  obtained 
separately. 

The  transformation  of  starch  into  sugar,  by  salivin,  sug- 
gested the  idea  that  this  glycogen  of  the  liver,  also  requires  a 
special  ferment  to  induce  its  metamorphosis.  It  was  thought 
that,  if  not  the  salivin  or  pancreatin,  this  ferment  might  be  some 
albuminoid  product  ofone  of  the  ductless  glands;  but  extirpation 
of  the  salivary  glands  or  pancreas,  of  the  spleen,  supra-renal 
bodies,  thyroid,  or  thymus,  in  a series  of  experiments  on  animals, 
threw  no  light  on  the  question  (Schiff).  The  albuminoid 
substance  is  probably  formed  in  the  liver  itself ; for,  whereas 
glycogen,  like  starch  or  dextrin,  is  not  easily  transmissible 
through  the  coats  of  the  hepatic  vessels,  it  is  probably  con- 
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verted  into  the  readily  dialysable  sugar,  before  it  is  taken 
up  by  tliose  veins.  The  fibrin  and  albumen  of  the  blood, 
whether  arterial  or  portal,  will  also  convert  dissolved  gly- 
cogen into  sugar.  A boiling  temperature  destroys  the  power 
of  the  ferment,  whatever  this  may  be. 

It  has  been  suggested  by  Pavy  that,  although  an  amyloid 
substance  abounds  in  the  liver  during  life,  no  sugar,  or  but 
very  small  traces  of  it,  are  then  present  in  this  organ  ; and 
that,  except  in  disease,  transformation  of  the  hepatin  into  sugar 
is,  for  the  most  part,  a post-mortem  resirlt.  This  observer 
found  no  great  difference  in  the  quantity  of  sugar  in  the  various 
large  bloodvessels,  either  in  the  arteries,  or  in  the  hepatic  or 
portal  veins  ; the  quantity  detected  was  very  small,  averaging 
about  ^ grain  in  100  grains  of  blood.  In  the  liver 

substance  itself,  macerated,  instantly  after  death,  in  caustic 
potash  or  in  very  cold  water,  no  sugar  could  be  detected, 
thottgh  the  hepatin  or  glycogen  was  then  extracted.  Most 
physiologists,  however,  coincide  with  Bernard,  in  believing 
that  the  formation  of  sugar  in  the  liver,  is  constantly  taking 
place  during  life ; and  that  the  accompanying  decomposition 
of  the  glycogen  into  sugar,  may  explain  the  relative  higher 
temperature  of  the  blood,  which  has  been  observed  in  the 
hepatic  veins. 

The  average  quantity  of  sugar  obtainable  from  the  liver  of 
the  horse  and  calf,  varies  from  4 to  2 per  cent. ; in  the  rabbit’s 
liver,  it  is  about  2*5  per  cent.,  and  in  Man,  as  noticed  in  healthy, 
recently  executed  criminals,  about  2 per  cent  (Bernard).  By 
others,  sugar  has  been  found  in  the  liver  of  Birds,  Eeptiles, 
and  Fishes,  though  in  the  cold-blooded  animals  the  quantity  is 
small ; it  has  even  been  detected  in  the  liver  of  the  Mollusca 
(Bernard).  It  is  more  easily  obtained  from  the  veins  than 
from  the  substance  of  the  organ.  The  relative  proportion 
found  in  the  portal  blood,  in  the  systemic  venous  blood,  and 
in  the  arterial  blood  of  animals  fasting,  or  fed  only  on  flesh,  is 
about  '06  parts  in  100 ; whereas,  in  the  hepatic  blood,  the 
quantity  is  usually  about  1 per  cent.  In  fully  fed  animals, 
especially  after  a meal  containing  starch,  the  qtiantity  in  each 
kind  of  blood  is  increased.  In  one  experiment  on  a AveU- 
fed  horse,  killed  soon  after  digestion,  the  proportion  of  sAigar 
found  in  the  liver,  was  nearly  2 ‘3  per  cent. ; whilst  that  in  the 
hepatic  vein,  was  about  IT,  in  the  lymph  -44,  in  the  chyle  '22, 
and  in  the  blood  generally  '065  (Poiseuille  and  Lefort). 

The  glycogen  of  the  liver,  being  admitted  to  be  the  source 
VOL.  II.  z 


.338 


SPECIAL  PIITSIOLOGT. 


of  the  sugar  found  in  the  hepatic  blood,  the  origin  of  the 
glycogen  itself  is  yet  undecided.  Some  have  questioned  the 
power  of  animal  tissues,  to  form  an  amyloid  substance,  and 
have  suggested  that  the  glycogen  of  the  liver  is  derived 
from  the  starchy  inatter  of  the  food,  which  might  be  supposed, 
in  Herbivorous  animals,  to  be  partly  accumulated,  in  a modi- 
fied form,  in  the  hepatic  cells  or  elsewhere.  More  sugar  cer- 
tainly, is  obtainable  from  the  livers  of  Herbivorous,  than  from 
those  of  Carnivorous  animals,  and  more  from  Herbivorous 
animals  recently  fed  on  amylaceous  food  ; but  glycogen  con- 
tinues to  be  formed  in  the  livers  of  fasting  or  actually  starved 
animals,  and  of  animals  fed  for  a month,  or  more,  exclusively  on 
flesh.  Ill  such  instances,  the  glycogenic  substance  found  in  the 
liver,  cannot  be  derived  directly  from  food,  but  is  formed  by 
some  action  of- the  hepatic  cells,  in  which,  as  already  men- 
tioned, minute  gvains,  apparently  of  an  amyloid  nature,  have 
been  detected.  The  constituents  of  the  flesh  used  as  food, 
which  can  be  thus  metamorphosed  by  the  hepatic  cells,  are  fat 
and  albuminoid  substances  ; for  the  small  quantities  of  amyloid 
matter  sometimes  found  in  flesh,  and  of  inosite  or  muscle-sugar 
always  present  in  it,  which  is  incapable  of  the  alcoholic 
fermentation  and  does  not  turn  the  rays  of  polari.sed  light,  are 
not  sufficient  to  produce  it.  By  some,  it  has  been  supposed  that 
the  hepatic  cells  have  the  power  of  decomposing  the  neutral 
. fats  of  the  food,  into  glycerin  and  the  fatty  acids,  stearic  and 
oleic;  furthermore,  that  the  former  is  the  source  of  the 
glycogen,  and  that  the  latter  assist  in  the  formation  of  the  fatty 
acids  of  the  bile:  thus,  2 of  glycerin,  i.e.,  2 (CjHgOj)-!-  2 
of  oxygen  (O2),  are  equal  to  1 of  glycogen  (CgH,  + 3 of  water 

3 (HgO).  It  has  been  objected  to  this,  that  the  formation  of 
sugar  and  of  bile  in  the  snail,  has  been  obseiwed  to  be  an 
alternately  performed  fmiction  (Bernard).  Another  mode  of 
origin  of  the  glycogen  from  fatty  matter,  supposes  that  the 
conjugated  fatty  acids  of  the  bile,  tauro-cholic,  and  glyco-cholic 
acids,  are  first  formed,  that  they  are  then  re-absorbed  from 
the  intestinal  canal  by  the  portal  A^ein,  and  are  decomposed 
into  glycogen  and  a nitrogenous  product,  Avhich  is  ultimately 
converted  into  urea,  and  eliminated  by  the  kidneys : for  dogs 
Avith  biliary  fistulas,  appear  to  have  no  glycogen  in  the  liver,  and 
other  dogs,  after  long  fasting,  if  fed  Avith  taurin,  show  an 
abundance  of  glycogen  in  that  organ.  By  some,  again,  albu- 
minoid princijsles  are  supposed  to  be  decomposed  in  the  hepatic 
cells ; according  to  one  A’iew,  the  products  are  glycogen  and 
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the  two  conjugated  biliary  acids, one  of  wliich  contains  nitrogen, 
and  the  other,  in  addition,  sulphur ; according  to  another  view, 
they  are  glycogen,  and  various  nitrogenous  bodies,  such  as 
creatin,  creatinin,  and  other  substances,  which  are  ultimately 
excreted  as  urea.  The  continuous  formation  of  sugar  in  the 
eggs  of  birds,  during  incubation,  shows  that  glycogen  may  be 
formed  independently  of  amylaceous  food,  and  its  origin  from 
albuminoid  matter,  is  rendered  probable  from  the  fact,  that  in 
animals  fed  on  fat  or  oleaginous  food  alone,  or  even  on  pure 
starch,  as  distinguished  from  vegetable  food  containing  starch 
mixed  Avith  other  constituents,  the  glycogen  is  much  dimi- 
nished in  quantity  (Stokvis);  whereas,  in  those  fed  on  gelatin,  it 
is  almost  normal  inqirantity.and  attains  its  maximum  in  animals 
fed  on  highly  albuminous  diet  (Bernard  and  Schmidt).  The 
experiments  of  Dr.  Pavy  alone  give  opposite  results,  shoAving 
the  greatest  amount  of  sugar  in  animals  fed  on  vegetable  food 
only ; but  the  increase  of  sugar  then  observed  by  him,  might 
be  partly  oAving  to  sugar  formed  from  the  food  itself.  He 
found,  in  the  livers  of  dogs,  the  proportion  to  be  about  7 per 
cent.  Avith  a pure  animal  diet,  14'5  per  cent.  Avith  meat  and 
sugar,  and  17  per  cent.  Avith  a purely  vegetable  diet.  It  is 
belieA'ed  that  the  glycogen  found  so  abundantly  in  the  muscles 
of  the  embryo,  the  inosite  formed  in  the  muscles  after  birth, 
and  the  small  quantity  of  glycogen  Avhich  they  contain  after 
the  liver  has  commenced  its  glycogenic  office,  are  also  derived 
from  the  decomposition  of  albuminoid  substance  into  gly- 
cogen, and  some  oxidisable  nitrogenous  body,  such  as  creatin 
or  creatinin. 

The  use.  of  the  glycogenic  function  of  the  liver,  is  supposed  to 
be  that  of  continuously  supplying  an  easily  oxidisable  ma- 
terial for  tlie  purposes  of  maintaining  animal  heat  and  motion. 
Sugar  is  a very  unstable  element  in  the  presence  of  o.xygen 
Avith  albuminoid  substances,  such  as  are  found  in  the  blood. 
As  already  stated,  the  qirantity  of  sugar  found  in  arterial 
blood,  that  is  in  the  blood  which  has  passed  through  the  lungs, 
is  much  smaller  than  that  in  the  hepatic  venous  blood. 
Besides  lAndergoiug  oxidation,  like  the  sugar  of  the  food,  so  as 
to  form  carbonic  acid  and  water,  the  liver-sugar  may  also  be 
capable  of  transformation,  through  the  assimilative  force  of 
some  of  the  animal  tissues  or  organs,  into  fatty  matter,  or  some 
other  substances  necessary  to  the  living  economy. 

The  sugar  may  likeAvise  act  as  a solvent  of  the  carbonate  and 
phospate  of  lime  in  the  blood.  It  has  also  been  said  to  aid  in 
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the  decomposition  of  albuminoid,  into  oleaginous  or  other  com- 
pounds. 

Wlien  animals  are  covered  with  varnish,  which  aiTests  the 
ciitaneous  transpiration,  and  interferes  with  the  respiratory- 
changes  and  the  development  of  animal  heat,  both  the  sugar 
of  the  hepatic  blood,  and  the  glycogen  of  the  liver,  soon  dis- 
appear ; but,  by  then  employing  artificial  warmth,  they  may  be 
again  formed.  Iii  hybernating  animals,  in  which  the  respira- 
tory process  is  also  reduced  to  a minimum,  the  formation  of 
sugar  continues,  but  its  oxidation,  after  it  passes  into  the 
circulation,  is  imperfectly  carried  on,  or  entirely  ceases,  .so 
that  it  accumulates  in  the  blood,  and  even  appears  in  the  urine. 
So  too,  in  the  disease  known  as  diabetes  mellitus,  the  sugar 
found  in  that  excretion,  is  supposed  to  depend  upon  the  ac- 
cxrmulation  of  sugar,  probably  of  liver  sugar,  in  the  blood ; for. 
in  such  cases,  other  secretions  and  excretions  also  exhibit  traces 
of  that  substance.  That  the  sugar  excreted  bv  the  kidneys  in 
diabetes,  is  not  formed  in  those  organs,  is  certain  ; and  it  has 
been  noticed,  that  if  the  blood  contain  ^ of  a grain  of  sugar 
in  100  grains,  this  substance  is  no  longer  completply  consumed, 
or  oxidised,  in  the  combustive  processes  of  the  economv,  but 
appears  in  the  various  secretions  and  excretions,  most  abun- 
dantly in  that  from  the  kidneys.  In  the  diabetic  condition, 
not  only  may  the  sugar  formed  in  normal  quantity,  accumulate, 
from  not  undergoing  decomposition,  but  the  liver  may  generate 
more  sugar  than  usual. 

A temporary  and  remediable  diabetes  may  occur  from  the 
imdue  ingestion  of  sugar,  or  sugar-forming  substance.s,  with  the 
food.  Moreover,  many  medicinal  agents  appear  to  determine 
an  increased  activity  of  the  glycogenic  function  of  the  liver, 
producing  an  artificial  diabetes ; such  are,  morphia,  strychnia, 
and  phosphoric  acid  in  large  quantities  (Pavy).  Asparagus  hasa 
similar  effect ; so  likewise  has  the  injection  of  various  stimulat- 
ing fluids  into  the  portal  vein  (Harley),  and  the  inhalation  of 
acetone  and  benzine.  Caustic  potash  and  carbonate  of  soda 
check  the  formation  of  sugar  (Pavy). 

An  experiment,  first  made  by  Bernard,  in  which  an  artificial 
diabetes  is  produced,  shows  that  certain  parts  of  the  nervous 
system  influence  the  sugar-forming  function  (vol.  i.  pp.  35(i, 
394).  It  illustrates  the  power  of  the  nervous  system  over  the 
nutritive  and  assimilative  processes,  and  may  explain  certain 
cases  of  ordinary  diabetes.  By  passing  a needle  through  the 
back  of  tire  occipital  bone  in  the  rabbit,  and  irritating  with 
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its  point,  the  floor  of  the  fourth  ventricle,  from  near  which  the 
deep  roots  of  the  pneumogastric  nerves  spring,  he  produced  an 
artiticial  diabetes  mellitus.  Moreover,  irritation  of  the  cerebro- 
spinal axis,  from  the  cerebral  peduncles  down  to  the  roots  of  the 
pneumogastric  nerves  on  the  sides  of  the  medulla  oblongata, 
increases  the  formation  of  sugar  in  the  blood,  and  gives  rise 
to  temporary  diabetes.  On  the  contrary,  division  of  the 
pneumogastric  nerves  in  the  neck,  that  is,  above  the  point 
where  their  branches  to  the  lungs  are  given  otF,  appears  to 
restrain  the  formation  of  sugar  in  the  system  ; section  of  the 
spinal  cord  below  the  origin  of  the  phrenic  nerve.s,  has  appa- 
rently a similar  effect. 

It  has  been  suggested  that  these  effects  are  not  direct  upon 
. the  liver  itself,  but  that,  in  the  normal  condition,  a certain 
stimulus,  perhaps  associated  with  the  demand  created  by  the 
process  of  oxidation  going  on  in  the  limgs,  proceeds  from 
those  organs,  through  the  pneumogastric  nerves  to  the  medulla 
oblongata,  and  is  thence  reflected  through  other  nerves,  to  the 
liver,  where  it  excites  or  regulates  the  glycogenic  action.  On 
interrupting  the  continuity  of  this  nervous  chain,  by  division 
of  the  pneumogastric  nerves,  the  formation  of  sugar  is  checked. 
Disturbances  in  the  respiratory  function,  induced  through  the 
nervous  system  or  otherwise,  may  favour  the  formation  of  sugar 
and  its  accumulation  in  the  blood,  and  so  produce  diabetes. 
It  is  said,  furthermore,  that  division  of  the  great  splanchnic 
nerves,  or  of  the  sympathetic  nerves  in  the  neck,  increases, 
' the  formation  of  sugar  in  the  liver ; this  may  depend,  not  on 
an  increased  formation  of  glycogen,  but  on  the  increased 
quantity  of  blood  then  admitted  to  the  liver,  owing  to  dilata- 
tion, through  the  action  of  the  vasimotor  nerves,  of  the 
small  arteries  of  the  abdominal  viscera  generally.  The  larger 
flow  of  blood  through  the  portal  system  and  liver,  may  change 
the  glycogen  already  formed,  into  sugar,  more  quickly  than 
usual,  and  thus  favom:  its  more  rapid  escape  from  the  hepatic 
cells.  This  explanation  may  also  apply  to  the  effect  of  irritation 
of  the  back  of  the  medulla  oblongata,  in  the  floor  of  the  fourth 
ventricle ; for  the  vasimotor  sympathetic  nerve  fibres  of  the 
viscera  of  the  abdomen,  have  been  proved  to  pass  down,  in 
that  pai-t  of  the  medulla,  from  the  cerebral  peduncles  and  optic 
thalami  (Schiff). 

The  formation  of  glycogen  by  the  liver,  its  conversion  into 
sugar,  and  the  entrance  of  this  into  the  blood  by  the  veins, 
establish  the  importance  of  this  gland  in  the  process  of  Sangui- 


342 


SPECIAL  PHYSIOLOGY. 


fication.  These  facts  also  suggest  the  possible  occurrence  of 
some  similar,  but  yet  unknown,  actions  in  other  secreting 
glands,  and  also  in  such  tissues  as  muscle  and  nerve,  as  well  as 
in  the  ductless  glands. 

Sanguification  and  the  Blood  Glands  in  Animals. 

In  the  Vertehrata  generally,  the  processes  concerned  in  the  formation 
of  the  white  and  red  corpuscles,  and  the  fluid  matrix  of  the  blood,  are 
similar  to  those  which  occur  in  Man.  Besides  an  absorbent  system,  the 
blood-glands,  or  ductless  glands,  are  found  in  all  the  Vertebrate  Classes, 
but  they  do  not  all  exist  in  ever}'  Class.  The  spleen  is  almost  univer- 
sally present ; the  supra-renal  capsules  disappear  earlier  in  the  descend- 
ing scale,  the  thyroid  body  and  the  thymus  stiU  sooner. 

The  sjtleen  is  present  in  all  cases,  excepting  in  the  ravTcine  fishes. 
It  always  possesses  its  peculiar  structure  and  characteristic  dark  red 
colour;  it  varies  much  in  shape,  even  in  Mammalia,  being,  in  diflerent 
cases,  round,  oval,  much  elongated,  lobulated,  or  even  multiple.  The 
latter  condition  is  seen  in  the  dolphin.  The  existence  of  supernumerary 
spleens,  or  splenculi,  in  dogs,  cats,  and  other  animals,  has  been  already 
mentioned.  In  Birds,  the  spleen  is  small,  and  either  round,  oval,  fusi- 
form, or  flat ; in  Reptiles,  Amphibia,  and  Fishes,  it  is  of  variable  size, 
and  differs  in  form  according  to  the  general  shiipe  of  the  bodv'.  In 
Birds  and  Reptiles,  this  organ  is  usually  attached  to  the  pancreas;  in 
Reptiles  and  Fishes,  it  is  rather  connected  with  the  intestine  than  with 
the  stomach,  as  in  Mammalia.  The  existence  of  the  Malpighian  bodies, 
is  doubtful  in  the  Amphibia,  and  denied  in  Fishes;  but  the  lai^e 
aggregated  blood-cells  exist  in  all  Vertebrata. 

The  mpra-renal  bodies  are  present  in  all  Mammalia,  Birds,  Reptiles, 
in  most,  if  not  all,  Amphibia,  and  in  all  but  the  lowest  Fishes.  They  are 
always  of  a yellowish,  ochreous,  or  golden  hue.  In  Mammalia,  they  are  of 
various  forms,  commonly  three-sided,  but  often  elongated,  cyhndrical, 
oval,  round,  or  even  crescentic.  They  are  sometimes  a little  removed 
in  position  from  the  kidneys,  as  in  the  elephant  and  seal.  They  are  lai^e 
in  Rodentia,  and  small  in  Carnivora,  especially  in  the  seal ; their  size, 
as  compared  with  the  kidney,  is,  in  the  guinea-pig,  as  1 to  4 ; but  in 
the  seal,  only  as  1 to  150.  In  the  Cetacea,  they  are  lobulated,  and  super- 
numerary sxipra-renal  bodies  are  met  with  in  many  animals.  In  Birds, 
these  organs  are  small,  and  often  lobulated.  In  Reptiles,  they  are  usu- 
ally placed  on  the  renal  veins,  or  vena  cava  inferior ; in  the  Ophidia, 
the  right  one  is  the  larger.  In  Batrachia,  they  are  very  small,  broken 
up,  or  often  indistinct,  and  embedded  in  different  parts  of  the  kidney. 
In  Fishes,  too,  when  present,  they  are  usually  small  and  nudtiple.  and 
often  found  even  at  the  back  of  the  kidney : in  the  sturgeon  and  the 
Cyclostomatous  fishes,  their  existence  is  doubtful. 

The  thyroid  body  is  attached  to  the  larynx  in  the  IMammalia  only. 
In  Birds  and  Reptiles,  it  is  placed  low  down  in  the  neck,  or  even  in 
the  chest,  near  the  inferior  larynx.  Its  position  seems  to  be  regulat<-d 
rather  by  its  vascular  connections,  than  by  any  peculiar  relation  to  the 
proper  larjmx.  In  Reptiles  also,  it  is  in  the  thoracic  cavity,  close  above 
the  heart.  As  to  Fishes,  it  has  been  supposed  that  the  vascular  oi^ns 
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known  as  pseudo-hranchia,  attached  to  the  branchial  apparatus,  are  the 
homologues  of  the  thyroid  body ; but  the  balance  of  evidence  is  opposed 
to  this  view,  and  if  the  thyroid  body  exist  at  all,  it  is  only  occasion- 
ally, as  a small  isolated  mass,  lying  on  the  biilbus  arteriosus. 

The  thymus  gland  is  well  marked  in  the  Mammalia,  being  either  con- 
fined to  the  thorax,  as  in  the  Carnivora,  Insectivora,  and  Marsupialia, 
or  having  also  shorter  or  longer  cervical  cornua,  or  extensions  upwards 
into  the  neck,  as  in  Quadrumana,  Bats,  Eodents,  Solipeds,  and  espe- 
cially in  the  Euminants.  In  the  ox  tribe,  its  cervical  part  extends  up 
to  the  lower  jaw,  forming  the  neck  sweetbread,  and,  from  the  calf,  is  the 
part  sold  as  the  best  sweetbread.  This  organ  is  a conjoined  bilateral 
mass ; its  structure  is  lobulated  and  sacculated,  as  in  Man.  It  is  largest 
in  the  3’oimg  animal,  and  disappears  later  in  life.  It  is  said  to  become 
larger  in  hybernating  animals.  In  Birds  it  is  represented,  but  only  in 
the  chick  and  young  bird,  by  a small  tube,  having  slight  dilatations 
upon  it ; but  it  is  sometimes  divided  off  into  sacs.  In  young  Eeptiles,  it 
has  also  been  found,  and  likewise  in  the  tadpoles  of  most  Amphibia ; 
but  not,  it  is  said,  in  the  siren  or  proteus,  in  which  the  lungs  are  the 
least  developed.  In  Fishes,  the  thymus  is  absent. 

In  the  Amphioxus,  none  of  those  ductless  glands  are  found,  not  even 
the  spleen  ; in  this  animal,  no  coloured  blood-corpuscles  exist. 

In  the  Non-vertebrata,  these  glands  and  coloured  blood  corpuscles  are 
equallj’  absent ; nor  is  any  organ  recognised  in  them,  as  being  specially 
concerned  in  the  process  of  sanguification.  The  liver,  however,  is  al- 
most universally  present,  and  its  glycogenic  function  has  been  detected 
in  the  snail ; and  as  it  is  a blood  gland,  forming  blood  corpuscles  in  the 
Vertebrate  embrj'O,  it  may  suffice  for  the  wants  of  the  Non-vertebrate 
organism,  in  reference  to  the  formation  of  blood.  Such  organs  as  tlie 
spongy  masses  around  the  great  veins  in  the  Cephalopods,  may,  per- 
haps, be  concerned  in  sanguification. 


SECRETION. 

SECRETION  IN  GENER.tL. 

Secretion  {secernere,  to  separate)  is  the  separation,  by  a 
gland  or  membrane,  of  certain  materials,  in  a more  or  less  fluid 
state,  from  the  blood,  and  their  escape,  by  means  of  proper 
ducts  or  openings,  or  from  a smooth  membrane,  on  to  the 
surface,  or  into  the  interior,  of  the  body.  This  general  process 
is,  however,  divisible  into  secretion  proper  and  excretion.  In 
secretion  proper,  the  products  Bxe  formed  by  a nutritive  process, 
the  result  of  a special  attractive,  selective,  or  assimilative 
power,  possessed  by  some  epithelial  structure ; and  moreover, 
after  being  discharged  from  the  mouths  or  ducts  of  the  glands, 
or  from  the  surface  of  membranes,  tliey  are  used  for  certain 
purposes  in  the  living  economy.  In  excretion,  the  educts  are 
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rather  eliminated  from  the  blood  through  the  agency  of  special 
structures,  also  epithelial;  and  they  are  henceforth  cast  out 
from  the  body  as  effete,  useless,  or  even  injurious  substances. 

Secretion  may  be  performed  by  glands,  or  by  membranes  ; 
but  excretion  is  always  effected  through  the  agency  of  glands. 

The  secreting  glands  are  the  liver,  pancreas,  the  salivary,  and 
lachrymal  glands,  the  true  mucous  glands  of  the  nose,  mouth, 
fauces,  pharynx,  cESophagus,  and  duodenum,  the  simple  tubular 
glands  of  the  stomach  and  intestines,  other  minute  glands 
associated  with  the  ducts  of  some  of  the  larger  glands,  the 
sebaceous  and  meibomian  glands,  and  la.stly  the  mammary 
glands.  The  secreting  membranes  are  the  mucous,  serous,  and 
synovial  membranes.  The  excreting  or  excretory  glands  are 
the  kidneys,  and  the  sweat  glands  of  the  skin ; to  a certain  extent, 
the  liver,  and  perhaps  the  intestinal  tubuli,  especially  those 
of  the  great  intestine  ; perhaps,  also,  the  sebaceous  cutaneous 
glands;  and,  lastly,  the  lungs,  which  may  be  viewed  as  excret- 
ing glandular  organs,  destined  to  eliminate  carbonic  acid  from 
the  blood. 

In  certain  forms  of  secretion^  the  separated  products  closely 
resemble  those  contained  in  the  blood  itself,  such  as  the  albumen 
of  the  serous  and  synovial  fluids.  Thus,  the  serous  and  svn- 
ovial  secretions  consist  of  little  more  than  the  transuded 
materials  of  the  plasma  of  the  blood,  unaltered  in  chemical 
character,  but  modified  in  their  relative  proportions.  The 
casein  of  milk,  is  also  merely  a modified  form  of  albumen.  In 
other  more  special  secreting  processes,  there  are  formed,  not  as 
mere  transudations,  but  as  the  result  of  peculiar  assimilative 
actions,  substances  not  present  in  the  blood  itself,  but,  neverthe- 
less, little  removed  in  chemical  character  from  its  albuminoid 
constituents ; such,  e g.,  as  the  pepsin,  pancreatin,  and  salivin  of 
the  gastric  juice,  pancreatic  fluid  and  saliva,  and  the  mucin  of 
the  mucous  glands.  The  three  former  substances  are,  by 
some,  regarded  as  examples  of  an  albuminoid  compound  under- 
going retrogTade  chemical  changes,  or  in  peculiar  states  of 
hydration.  In  other  cases,  the  substances  formed  by  secreting 
glands,  though  more  remote  in  cheniical  constitution  from 
that  of  the  materials  of  the  blood,  and  not  pre-existent  in  it, 
are  of  a higly  complex  natm-e,  and  are  only  partially  reduced 
or  oxidised  substances,  such  as  the  tauro-  and  glyco-cholic 
acids  of  the  bile,  the  butyrin  of  the  milk,  and  the  fat  of  the 
sebaceous  secretion.  Extreme  examjjles  of  special  secretive 
power,  by  which  compounds  not  existing  in  the  blood,  are 
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formed  from  it,  are  afforded  by  the  appearance  of  sidpho- 
cyanogen  in  the  saliva,  and  of  hydrochloric  acid  in  the  gastric 
juice.  So,  also,  soda  is  withdrawn  from  the  normal  soda  salts 
of  the  blood,  by  the  agency  of  the  liver,  to  combine  with  the 
latty  acids  of  the  bile. 

In  the  case  of  the  excretions,  however,  the  characteristic 
substances  eliminated  from  the  blood,  pre-exist  in  that  fluid, 
as  the  result  of  decomposition,  and  are  always  much  more 
chemically  reduced  by  oxidation,  than  any  product  of  secretion, 
or  they  are  even  completely  oxidised.  They  usually  exhibit  a 
comparatively  simple  atomic  constitution,  are  often  crystalli- 
sable,  and  frequently  take  the  form  of  bases  or  acids,  such  as  the 
lactic  and  uric  acids,  and  the  urea,  formed  in  the  urine,  together 
with  the  sulphates  and  phosphates  resulting  from  the  oxidation 
of  the  albuminoid  constituents  of  the  body ; such  also  as  the 
lactate  of  ammonia,  and  the  acetic  and  formic  acids  of  the  cu- 
taneous excretion ; and  lastly,  the  perfectly  oxidised  carbonic 
acid,  given  off  in  small  quantities  by  the  skin,  but  forming  the 
characteristic  product  excreted  by  the  lungs.  Such  substances 
are  manifestly  incapable  of  animal  organisation.  They  are  even, 
if  retained  in  the  system,  noxious,  or  fatal.  The  purpose  of  ex- 
cretion, is,  indeed,  to  rid  the  body  of  the  compounds  which  are 
formed  during  the  action  of  the  living  tissues,  by  the  oxidation 
of  their  substance,  or  of  the  blood  passing  through  them. 
The  succe.ssive  stages  of  oxidation,  render  such  compounds 
more  and  more  removed  from  an  organisable  character,  and 
necessitate  their  removal. 

In  all  the  secretions,  if  one  excepts  the  peculiar  albuminoid 
substances,  the  saline  substances  and  other  special  com- 
jiounds,  are  either  crystallisable,  such  as  the  sulphocyanide  of 
potassium  in  the  saliva,  the  soda  salts  of  the  biliary  acids, 
and  the  lactin  or  sugar  of  the  milk,  or  crystalloid,  such  as  the 
hydrochloric  acid,  and  other  acids  in  the  gastric  juice.  All 
these  would  freely  dialyse  from  the  blood,  or  from  the  secreting 
cells.  As  to  the  modified  albuminoid  substances,  which  are 
colloidal,  such  as  salivin,  pepsin,  jDancreatin,  and  casein,  it  is 
possible  that  the  secreting  cells  may  themselves  burst,  and 
yield  up  their  albuminoid  contents  ; or  the  secretion  of  such 
substances  from  the  blood,  may  present  us  with  examples  of  the 
metastasis  of  colloidal  substances  from  the  pectousto  the  liquid, 
or  from  the  liquid  to  the  pectous  state,  as  occasion  may  require. 

In  the  process  of  excretion,  it  is,  as  already  mentioned,  the 
highly  diffusible  crystalloids  alone,  which  escape  from  the 
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blood,  so  that  it  may  more  readily  be  referred  to  a pure 
dialysis,  the  one  condition  necessary,  say,  in  the  secretion  of 
urea,  e.g.,  being  a special  chemical  relation  between  the  dia- 
lysing epithelial  cells  and  the  dialysable  urea,  which  serves  to 
locate  the  excretion  of  that  substance  in  the  kidney. 

In  the  fonnation  of  living  vegetable  tissues,  crA’stalloids, 
such  as  ammonia,  carbonic  acid,  and  water,  are  converted  into 
colloids,  and  the  further  processes  of  organisation,  up  to  the 
final  and  highest  nutritive  stage,  reqttire  various  metastases 
of  these  colloids.  In  the  downward  step  of  disintegration 
and  disorganisation,  materials  are  formed,  which  are  to  be 
excreted,  and  then  the  crystalloid  condition  of  matter  again 
prevails,  as  in  the  urea  and  uric  acid  thrown  off  by  the 
kidneys,  which  easily  pass  into  ammonia,  and  the  carbonic 
acid  and  water  of  the  cutaneous  and  pulmonary  exhalations. 

The  general  forms  of  the  secreting  and  excreting  glands, 
and  the  mode  in  Avhich  those  forms  may  be  derived  from  the 
involution  of  a simple  secreting  membrane,  have  ali-eady  been 
described  (vol.  i.  p.  70).  In  all  cases,  there  is  invariably 
found,  even  in  the  ultimate  ramifications  of  the  gland  ducts,  a 
limiting  or  basement  membrane  covered  by  a stratmn  of 
epithelial  cells.  All  glands  are,  moreover,  very  vascular,  and 
receive  large  quantities  of  blood.  The  special  secretions  and 
excretions  are  the  products  or  educts  of  special  organs.  The 
most  essential  modifications  of  the  anatomical  gland-elements, 
are  those  which  relate  to  the  epithelial  cells.  In  secretion 
proper,  these  important  elements  are  frequently  dissolved  or 
ruptured,  and  their  contents,  if  not  their  envelopes,  escape  as 
part,  perhaps  an  essential  part,  of  the  secretion  itself,  as  in  the 
case  of  the  Sidiva,  pancreatic  fluid,  gastric  juice,  and  milk, 
and  of  the  sebaceous  and  the  mucous  secretions,  and  also, 
perhaps,  of  the  bile.  But  in  the  case  of  the  lachrymal  secretion, 
and  in  the  excretory  processes  generally,  this  is  not  so : for 
the  epithelial  cells  in  the  ducts  of  the  kidney,  the  lachrymal 
gland,  and  the  sweat  glands,  and  also,  it  may  be  added,  in  the 
air-cells  of  the  lungs,  merely  withdraw,  as  it  were,  by  a 
special  attraction,  certain  products  already  pre-existing  in  the 
blood,  and  part  with  them  again,  into  the  ducts  or  canals,  winch 
convey  them  out  from  the  body,  without  themselves  undergoing 
any  necessary  dissolution  or  decay. 

The  liver  receives  a peculiar  venous  blood,  loaded  with  the 
products  of  the  venous  absorption  of  the  food,  and  with  those 
which  enter  the  blood  of  the  spleen  ; but,  with  this  exception, 
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the  cause  of  the  ditferences  bet^Yeen  the  several  secretious, 
cannot  depend  on  the  character  of  the  blood  distributed  to  the 
respective  glands,  which  is  uniformly  pure  arterial  blood. 
Neither  can  it  depend  upon  the  number  or  arrangement  of 
the  capillary  vessels,  for  these  peculiarities  can  only  determine 
the  quantity,  not  the  quality,  of  a given  secretion.  Nor  is  there 
any  evidence  to  show  that  the  Avails  of  the  capillaries  differ 
in  different  glands,  nor  ermn  the  basement  or  limiting  mem- 
brane, which  ahvays  presents  a glass-like,  structureless,  appear- 
ance. Again,  the  relative  simplicity,  or  complexity,  of  a gland 
cannot  be  supposed,  in  any  Avay,  to  determine  the  character 
of  its  secretion ; for,  though  differently  formed  glands,  sup- 
plied by  the  same  blood,  often  yield  different  secretions,  yet 
there  are  cases,  in  Avhich  Amry  similarly  formed  glands  produce 
different  secretions,  as,  for  example,  the  salivary,  pancreatic, 
and  mammary  glands.  MoreoA'er,  on  regarding  the  Animal 
Kingdom  generally,  it  is  found  that  similar  secretions,  as,  e.g., 
the  bile,  the  gastric  secretion,  and  indeed  nearly  all  the  secre- 
tions, are  formed,  in  different  cases,  by  glands  of  variable 
structure,  sometimes  complex,  sometimes  simple,  according 
to  the  position  of  the  animal  in  the  scale  of  organisation. 
There  is  one  component,  hoAvever,  of  all  secreting  and  excreting 
organs,  Avhether  membranous  or  glandular,  viz.,  the  epithelial 
layer,  which  appears  to  be  essential  to  specific  secretion,  and 
to  be  the  seat  of  the  selective  assimilative  poAver  of  the  true 
secreting  glands,  and  of  the  selective  eliminative  poAver  in  the 
excretory  glands.  The  epithelial  cells  of  different  membranes 
and  glands,  most  frequently  present  differences  of  structure  and 
arrangement,  suggestive  of  the  possession  of  different  pro- 
perties. The  peptic  and  hepatic  cells,  the  columnar  cells  of 
the  intestinal  tubuli,  and  the  cells  of  the  sebaceous  cutaneous 
glands,  are  totally  different  from  each  other.  Even  in  the 
simplest  glands  in  animals,  as  in  the  so-called  hepatic  tubuli, 
special  epithelial  cells  are  discernible.  Epithelial  cells  are 
components  of  the  solid  texture  of  the  body,  subject  to  the 
ordinary  processes  of  development,  groAvth,  and  nutrition ; 
but  they  are  distinguished  by  a peculiar  destiny  or  purpose 
in  the  economy,  and  to  them  Ave  must  refer  that  special 
form  of  nutrition,  which,  instead  of  resulting  in  the  de- 
A'elopment  or  maintenance  of  a tissue,  destined  for  certain 
mechanical  or  vital  purposes  in  the  animal  frameAvork,  is 
employed  for  the  formation,  or  separation,  of  more  or  less 
liquid  products,  intended  for  digestive  or  other-  uses,  or 
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destined  to  be  eliminated,  and  entirely  discharged,  from  the 
system. 

Most  frequently,  the  gland-cells  effect  changes  in  the 
materials  which  are  presented  to  them  by  the  blood  ; but,  at 
other  times,  they  attract  from  that  flirid,  compounds  which 
pre-exist  in  it.  In  either  case,  it  is  these  cells  which  attract 
or  separate  the  products  or  educts,  from  the  circulating  fluid. 

The  general  conditions  which  influence  the  functions  of 
secretion  and  excretion,  are  the  quantity  of  blood  supplied  to 
the  respective  glands,  the  quality  of  that  blood,  the  presence  of 
extenial  stimuli,  acting  directly  or  indirectly  on  the  nerves, 
and  perhaps  some  governing  influence  of  the  nervous  system 
itself. 

As  a rule,  an  increased  quantity  of  Mood  supplied  to  a 
gland,  determines  an  increase  in  the  amount  of  its  secretion, 
as  is  illustrated  by  the  increased  redness  of  the  gastric  mucous 
membrane  observed,  in  the  case  of  the  Canadian  voyageur, 
Alexis  St.  Martin,  during  the  active  secretion  of  the  gastric 
juice,  and  by  the  increased  vascular  turgescence  of  the  mam- 
mary gland  during  lactation.  As  in  ordinary  nutrition,  however, 
the  secretive  demand,  implied  by  an  increased  secretive  act. 
precedes  the  actual  How  of  additional  blood  to  a given 
gland. 

The  influence  of  quality  in  the  Mood,  is  perhaps  gi-eater  in 
regard  to  the  excreting  than  to  the  secreting  glands,  as  might 
indeed  be  expected.  The  presence  of  a greater  or  less  quantity 
of  the  special  materials  to  be  separated  and  eliminated  from 
the  blood,  must  have  a direct  effect.  An  excess  of  urea  or 
uric  acid  in  the  blood,  whatever  may  be  its  cause,  determines 
an  increased  elimination  of  those  products  from  the  kidneys, 
and  an  increased  consumption  of  water,  augments  the  quantity 
of  the  renal  excretion.  A temporary  increase  of  carbonic 
acid  in  the  blood,  owing  to  the  rapid  oxidation  of  combustible 
substances,  is  followed  by  an  increased  evolution  of  that  gas 
from  the  lungs;  whilst  the  drinking  of  water  augments  the  pul- 
monary exhalation  and  the  cutaneous  transpiration.  The  various 
secretions  are  also  modified  in  quantity,  by  the  amount  of 
fluid  absorbed  from  the  stomach  ; and  the  relative  amount  of 
their  characteristic  ingredients,  is  dependent  on  the  existence 
of  certain  proportions  of  particular  blood  constituents  from 
Avhich  the}'^  are  derived,  as  seen  in  the  production  of  the  fatty 
acids  of  the  bile,  and  of  the  sugai-,  and  the  peculiar  fatty  acids 
of  the  milk. 
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The  effects  of  stimuli,  are  chiefly  to  be  noticed  as  influencing 
the  quantity  of  a given  secretion,  as  in  the  case  of  a flow  of 
tears,  induced  by  a foreign  body  iiTitating  the  conjunctiva,  or 
of  saliva,  from  the  action  of  vinegar,  mustard,  or  salt.  Stimuli 
act  probably  through  the  intermediation  of  the  vasimotor  nerves, 
either  directly,  or  else  by  reflex  action,  through  other  nerves 
and  nervous  centres  with  which  the  vasimotor  nerves  are 
connected.  The  general  effect  of  such  stimuli,  is  to  dilate 
the  small  arteries  of  the  gland ; a corresponding  increase 
then  occurs  in  the  how  of  blood  to  it,  and  is  the  proximate 
cause  of  an  increased  secretion  or  excretion.  This  increase 
may,  as  in  the  case  of  the  saliva,  augment  the  quantity  but  not 
improve  the  quality  of  the  secretion,  which  becomes  more 
watery  than  usual. 

There  are  many  facts  which  show  an  intimate  relation 
between  the  nervous  system,  and  the  secreting  activity  of  the 
several  glands.  Thus,  the  emotions  often  determine  increased 
secretion,  as  e.g.  from  the  lachrymal  glands,  the  skin,  the  ali- 
mentary mucous  membrane,  and  the  kidneys.  The  sight,  or 
even  the  idea  of  food,  will  excite  the  flow  of  saliva.  Extreme 
passion  or  grief  has  been  knotvn  to  modify,  or  even  render 
poisonous,  the  mammary  secretion.  Direct  experiments  also 
.show  most  remarkable  effects  produced  upon  the  secretive 
process,  through  the  nervous  system,  as  illustrated  in  regard 
to  the  salivary  glands  (vol.  i.  p.  333  ; vol.  ii.  p.  56),  the 
gastric  glands  (vol.  ii.  p.  61),  and  the  liver  (vol.  ii.  p.  340). 

All  glands  are  provided  with  sympathetic  nerves,  and 
many,  if  not  all,  possess  others  derived  from  the  cerebro-spinal 
nervous  system.  The  experiments  just  referred  to,  show  that 
the  quantity  of  a secretion  is  differently  affected  by  the  section, 
or  irritation,  of  these  two  sets  of  nerves.  Thus,  irritation  of 
the  pneumogastric  nerves,  increases  the  quantity  of  the  gastric 
juice,  whilst  irritation  of  the  sympathetic  nerves,  diminishes 
or  arrests  it.  Again,  division  of  the  sympathetic  nerves  of 
the  submaxillary  gland,  increases  the  flow  of  saliva,  but  irrita- 
tion of  the  distal  cirt  portion  of  the  nerve,  diminishes  it ; on 
the  other  hand,  section  of  the  cerebral  nerve,  diminishes,  whilst 
irritation  of  the  distal  cut  end,  augments  it.  Even  simple 
irritation  of  the  undivided  sympathetic  nerves,  causes  diminu- 
tion, whilst  a similar  irritation  of  the  undivided  cerebral 
nerve,  causes  an  increase  of  the  secretion.  Since,  in  the 
former  case,  the  small  arteries  of  the  gland  contract,  and  the 
supply  of  blood  is  diminished,  whiLst  in  the  latter,  those 


350 


SPECIAL  PHYSIOLOGY. 


vessels  dilate,  and  more  blood  is  distributed  to  the  gland,  the 
diminution  or  augmentation  of  the  secretion,  accords,  in  either 
case,  with  ditFerences  in  the  quantity  of  blood  conveyed  to  the 
gland,  and  the  influence  of  the  nervous  system  in  regulating 
the  quantity  of  the  secretion,  is  indirectly  manifested  by  the 
dilatation  or  contraction  of  the  coats  of  the  small  arteries. 

With  regard  to  the  influence  of  the  nerves  on  the  quality 
of  a secretion,  it  is  found  that  when  the  arteries  are  con- 
tracted, and  the  supply  of  arterial  blood  lessened,  not  only  is 
the  quantity  of  saliva  diminished,  but  the  colour  of  the  venous 
blood  returning  from  the  gland,  is,  as  usual,  dark ; whereas, 
when  the  arteries  are  dilated,  the  supply  of  blood  is  increased, 
and  the  amount  of  secretion  augmented,  then  the  colour  of 
the  returning  venous  blood,  is  bright.  In  the  foimer  case, 
the  passage  of  the  blood  through  the  gland,  seems  to  be  suffi- 
ciently deliberate,  to  permit  of  the  proper  nutritive  or  secre- 
tive interchanges  between  it  and  the  epithelial  cells  ; whilst  in 
the  latter  case,  the  blood  flows  so  rapidly  through  the  glands 
as  not  to  undergo  these  changes.  It  is  not  proved  that  the 
sympathetic  nerve  determines,  or  even  increases,  the  secreting 
power  of  the  gland. 

By  controlling  the  quantity  and  velocity  of  blood  passing 
through  a gland,  the  sympathetic  nerves  may,  therefore,  not 
directly,  but  indirectly,  by  permitting  the  characteristic  func- 
tion of  the  gland,  preserve  the  essential  qualities  of  its  secre- 
tion ; whilst,  on  the  other  hand,  the  cerebro-spinal  nerves,  by 
determining  an  increased  supply  and  quicker  motion  of  the 
blood,  must,  by  partially  interfering  with,  or  overwhelming, 
the  special  actions  of  the  secreting  cells,  increase  the  fluid  in 
the  secretion,  but  so  dilute  and  lower  its  qualities. 

Whilst  it  is  not  yet  proved  that  either  the  sympathetic,  or 
the  cerebro-spinal,  nervous  system  has  any  power  over  the 
chemical  acts  of  secretion,  independently  of  their  governing 
influence  over  the  bloodvessels,  it  must  be  added  that  this  is 
a point  on  which  opinions  are  at  variance.  As  already  re- 
marked (p.  284),  if,  as  it  seems  scarcely  possible  to  doubt,  the 
nervous  system  influences  the  secreting  processes  in  such  of 
the  lower  animals  as  are  unprovided  with  bloodvessels,  and 
yet  possess  nerves,  it  is  difficult  to  deny  the  existence  of  some 
such  direct  influence  in  the  higher  vascular  animals  and  in 
Man.  however  unintelligible  the  nature  of  such  a controlling 
process  may  be. 

Whatever  the  influence  of  the  nervous  system  upon  secre- 
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tion,  it  may  be  centric,  or  peripheral,  and  either  simple  or 
reflex,  according  to  the  part  in  which  the  stimulus  originates, 
or  to  which  it  is  applied.  Tears  are  shed,  and  saliva  flows, 
under  the  centric  stimulation  of  painful  or  joyous  emotions, 
and  on  the  occurrence  of  ideas  relating  to  food  ; whilst  the 
same  secretive  acts  are  performed  under  reflex  action,  from 
neuralgia  of  the  flfth  cerebral  nerve,  or  from  local  irritation 
of  the  conjunctiva  or  of  the  mouth. 

When,  either  from  disease  of  the  glands,  or  from  an  over- 
accumulation,  in  the  blood,  of  the  materials  to  be  excreted, 
these  are  no  longer  eliminated  through  the  usual  organs,  they 
are  sometimes  vicariously  eliminated  through  some  other 
gland  or  membrane.  Thus,  urea  has  been  found  in  almost 
every  secretion  and  excretion  of  the  body,  in  the  gastric  and 
intestinal  discharges,  in  the  lachrymal  and  salivary  fluids,  in 
the  nasal  mucus,  in  the  synovial  and  serous  fluids,  the  per- 
spiration and  even  in  the  milk.  The  pigment  of  the  laile, 
which  is  probably  more  of  an  excretory  than  a secretory 
product,  occasionally  appears  in  the  renal  excretion  and  in 
other  fluids  of  the  body.  These  are  instances  of  real  vicarious 
excretion,  but  in  regard  to  the  secretions  proper,  no  such 
metastasis,  or  transference,  of  secreting  power  has  been  ob- 
served, no  authentic  example  of  milk  secreted  by  the  liver  or 
kidneys,  or  of  saliva  formed  by  the  mammary  gland,  having 
yet  been  met  with.  The  presence  of  the  colouring  tnatter  of 
the  bile  in  various  true  secretions,  as  in  the  pancreatic  juice, 
the  milk,  the  mucus  of  the  bronchial  glands  and  membrane, 
and  even  in  the  serous  and  synovial  fluids,  is  perhaps  only  an 
apparent  example  of  vicarious  secretion  ; for,  in  these  cases, 
the  colouring  matter  of  the  bile  is  probably  re-absorbed  into 
the  blood,  and  then  is  .sim2fly  exuded  into  all  parts  of  the  body 
with  the  common  nutrient  plasma,  and  so  tinges  the  various 
solid  tissues,  organs,  glands,  and  secretions.  There  is,  more- 
over, no  evidence  that,  even  in  these  cases,  the  more  abun- 
dant and  truly  secretory  products  of  the  hepatic  cell  action, 
viz.  the  soda  salts  of  the  biliary  acids,  accompany  the  bile 
jDigment  in  its  passage  through  the  body,  or  into  the  secretions 
of  other  glands.  The  biliary  pigment  probably  represents  an 
excretory  part  of  the  bile,  and,  if  not  preformed  in  the  blood, 
is  easily  dissolved  and  taken  up  by  it,  and  thus  it  may  obey 
a true  metastasis  like  other  excretory  substances.  It  certainly 
appears  very  readily  in  the  urine,  and  also  sometimes  in  the 
perspiration. 
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Certain  excretions  are  complementary  to  each  other,  as,  for 
example,  those  of  the  lungs  and  the  liver.  The  more  abundant 
the  excretion  of  carbon  in  its  perfectly  oxidised  form  of  car- 
bonic acid  gas  from  the  lungs,  the  smaller  is  the  amount 
of  carbonaceous  compounds  excreted  in  the  bile;  whilst,  on 
the  other  hand,  when  the  respiratory  changes  are  diminished 
through  heat  of  climate,  or  defective  exercise,  the  biliary 
products  are  increased.  The  excretions  of  the  skin  and  the 
kidneys,  are  also,  to  a certain  extent,  complementaiy  to  each 
other,  not  only  as  regards  their  aqueous  constituents,  in  respect 
of  which,  each  is,  moreover,  supplemented  by  the  lungs,  which 
give  oil  more  or  less  vapour  according  to  the  relative  degree 
of  moisture  of  the  air,  but  also  in  regard  to  some  of  the  pro- 
ducts of  oxidation  of  the  albuminoid  tissues,  viz.,  urea,  am- 
monia, and  carbonic  acid. 

Different  secretions  and  excretions  differ  as  to  the  time  at 
which  they  are  prepared.  Some  are  constantly  or  continuouslv 
formed,  Avhilst  others  are  secreted,  or  excreted,  intermittently, 
or  remittently.  Secretions  are  more  commonly  intermittent  or 
remittent,  serving  occasional  purposes  in  the  economy,  as,  e.g.. 
the  gastric  juice,  the  secretion  of  Avhich  is  probably  limited 
to  the  period  of  digestion,  and  the  lachrjunal,  salivary,  hepatic, 
pancreatic,  and  mammary  secretions,  Avhich  are  ahvays  being 
secreted  in  small  quantities,  but  are,  from  time  to  time,  as 
required,  produced  in  much  larger  amounts.  On  the  other 
hand,  the  excretions  being  injurious,  and  requiring  to  be 
eliminated,  as  rapidly  as  possible,  from  the  blood,  are  charac- 
terised by  their  constant  separation  both  day  and  night,  the  pro- 
cess varying  in  activity,  however,  according  to  circumstances. 

The  force  by  Avhich  the  secretions  are  urged  along  the 
ducts,  is  probably  the  vis  a tergo,  dependent  upon  the  pressure 
of  continuously  fresh-formed  portions  of  fluid  secreted  in  the 
commencing  ducts.  The  movement  in  the  larger  ducts,  is 
aided  by  the  sIoav  contraction  of  the  organic  muscular  fibres 
in  the  walls  of  the  ducts.  In  some  cases,  as  in  the  bile  and  pan- 
creatic ducts,  and  the  ureters,  rhythmic  movements  hat^e  been 
seen,  and  in  others,  peristaltic  movements.  The  pressure  on 
the  fluid  in  the  ducts,  is  sometimes  considerable,  as  is  seen  by 
the  occasional  ejaculation  of  the  saliva,  and  the  expulsion  of 
the  milk.  The  action  of  the  surrounding  muscles,  must,  here 
and  elsewhere,  also  be  taken  into  account.  In  certain  cases, 
the  larger  ducts  are  dilated  near  their  mouths,  into  temporary 
receptacles  for  the  secretion,  as  is  seen  in  the  parotid  and 
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lactiferous  diicts.  Still  more  special  developments  6f  the 
excretory  apparatus,  are  met  with  in  the  shape  of  reser- 
voirs or  bladders,  with  contractile  walls,  when,  as  in  the  case 
of  the  bile,  the  secretion  is  abundant  and  used  intermittently, 
or  when,  for  other  reasons,  an  excretion  requires  to  be  re- 
tained, and  only  occasionally  expelled. 

The  daily  quantities  of  the  various  secretions  and  excretions, 
as  stated  elsewhere  in  the  account  of  each,  differ  remarkably 
in  different  individuals,  and  in  the  same  individual  under 
different  circumstances.  The  quantities  of  the  excretions,  in 
health,  conform  to  the  quantity  of  water  taken  in  the  solid 
and  fluid  food,  one  of  the  objects  of  this  elimination  of  water, 
being  to  maintain  the  due  characters  of  the  blood.  In  the 
formation  of  the  extraordinary  quantities  of  the  secretions 
employed  in  the  digestive  process,  the  water  concerned  is,  as 
already  mentioned,  separated  from  the  blood,  used  in  dissolving 
the  food,  re-absorbed,  and  re-secreted  many  times  over. 

The  preceding  facts  and  considerations,  illustrate  the  general 
resemblances  and  differences  between  nutrition  and  secretion. 
In  both  processes,  the  blood  yields  a common  plasma  to  certain 
organs ; from  this  plasma,  in  both,  materials  are  attracted  by 
a selectiv'e  property  possessed  by  pre-existing  tissue  elements ; 
and,  in  both,  the  residual  and  altered  plasma  re-enters  the 
blood.  But  this  difference  arises : in  the  one,  the  separated 
materials  form  an  intrinsic  part  of  a solid  and  more  or  less 
permanent  tissue,  and  enter  into  the  coherent  framework  of 
the  body ; whereas,  in  the  other,  whilst  a part  thus  remains  to 
forzn  the  gland -tissue  itself,  the  essential  products  are  dis- 
charged, in  the  fluid  state,  by  ducts,  and  are  applied  extrinsi- 
cally,  to  special  functions  of  the  economy,  sometimes,  however, 
being  then  re-absorbed  into  the  blood.  Both  the  nutritive 
and  the  secretive  process  yield  various  results,  according  to 
the  tissue  in  which  they  occur  ; nutrition  forms  nerve,  muscle, 
or  bone,  and  secretion,  saliva,  pancreatic  juice,  or  milk, 
according  to  the  nature  of  the  tissue  elements  which  select,  or 
determine,  the  separation  of  the  nutrient  or  secreted  materials, 
from  the  blood  plasma.  Both  nutrition  and  secretion  are  modi- 
fied by  the  quantity  and  quality  of  the  blood,  and  by  the  re- 
actions of  the  vasimotor  nerves.  The  nutritive  and  secretive 
processes  may  both  be  either  continuous  or  intermittent,  the 
former  being  illustrated  by  the  continuous  formation  of  the 
epidermis  and  of  mucus,  and  the  latter  by  the  intermittent 
nutrition  of  the  muscular  and  nervous  tissues  and  the  forma- 
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tion  of  the  gastric  juice.  Lastly,  the  two  processes  resemble 
each  other,  in  being  more  active  in  some  parts  than  in  others, 
being  more  so,  in  the  heart,  the  nervous  centres,  and  the 
salivary  glands  and  sweat  glands,  than  in  the  tendons,  carti- 
lages, bones,  and  the  mucous  and  sebaceous  glands. 

SPECIAL  SECRETIONS. 

hlost  of  the  secreting  glands  and  their  products,  have  already 
been  considered,  viz.  the  lachrymal  glands  and  the  tears,  with 
the  appendages  of  the  eyes;  the  nasal  glands,  with  the  organ 
of  smell ; the  ceruminous  glands,  with  the  ear ; the  sebaceous 
glands,  with  the  skin  ; and,  lastly,  the  mucous  glands  of  the 
mouth,  fauces,  pharynx,  oesophagus,  stomach,  and  duodenum, 
the  saliva  and  salivaiy  glands,  the  gastric  and  intestinal 
tubuli  and  their  secretions,  the  liver  and  pancreas  and  their 
respective  products — with  the  oi'gans  and  function  of  Diges- 
tion. The  tracheal  and  bronchial  mucous  glands  will  be  men- 
tioned hereafter,  in  the  Section  on  Eespiration.  There  remain, 
however,  certain  general  considerations  concerning  the  liver 
and  its  offices,  which  may  be  here  noticed  ; whilst  the  mam- 
mary glands  with  the  function  of  lactation,  and  the  mucous, 
serous,  and  synovial  secretions  also  require  description. 

Secreting  Function  of  the  Liver. 

The  source  of  the  bile  secreted  by  the  hepatic  cells,  is  the 
exuded  plasma  of  the  portal  blood,  which,  however,  is  joined 
by  the  blood  from  the  nutrient  capillaries  of  the  liver,  derived 
from  the  hepatic  arteries.  That  the  portal  blood  is  essential, 
and  the  arterial  blood  non-essential  as  such,  to  the  formation 
of  bile,  is  proved  by  the  facts,  that  when  the  portal  vein  is 
compressed,  the  quantity  of  bile  is  diminished,  and  that  when 
it  is  tied,  bile  is  no  longer  secreted ; whereas,  if  the  hepatic 
arteries  be  tied,  its  secretion  is  not  necessarily  arrested 
(Schiff).  In  certain  cases  of  malformation,  the  portal  vein 
has  been  found  to  open  into  the  inferior  vena  cava,  and  yet 
bile  has  been  secreted.  Hence  the  portal  blood  has  been  held 
to  be  non-essential  to  the  fonnation  of  bile ; but,  in  such 
cases,  the  umbilical  vein  is  permeable,  and  sends  branches 
through  the  liver  ; moreover,  the  blood  of  the  hepatic  arteries, 
having  first  become  venous,  may  enter  the  lobular  plexuses, 
and  so  secrete  the  bile. 
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That  the  biliary  acids  are  not  preformed  in  the  blood,  but 
are  elaborated  in  the  hepatic  cells,  is  shown  by  extirpating  the 
liver  in  frogs ; these  animals  then  survive  for  some  days,  and 
yet  no  trace  of  the  fatty  acids  of  the  bile  is  found  in  the 
blood,  which  would  be  the  case,  if  the  bile  "were  preformed  in, 
and  merely  separated  as  an  educt  from,  that  fluid.  The  green 
colouring  matter,  and  also  cholesterin,  may,  however,  pre-exist 
in  the  blood.  The  cholic  acid  may  be  derived  from  the  fats 
of  the  blood,  whilst  the  taurin  and  glycocoll,  which  are  conju- 
gated with  it,  the  former  containing  both  sulphur  and  nitrogen, 
and  the  latter  only  nitrogen,  probably  arise  from  the  decom- 
position of  albuminoid  substances.  The  colouring  principles 
may  be  formed  from  the  cruorin,  or  colouring  matter  of 
the  blood,  which  they  closely  resemble.  Animals  fed  on  fat, 
have  been  said  to  secrete  proportionally  more  bile ; but  this 
is  denied,  and  the  quantity  of  albuminoid  food  consumed, 
seems  rather- to  regulate  the  amount  of  this  secretion. 

Besides  its  office  in  digesting  fat,  and  stimulating  the  mus- 
cular acts  concerned  in  digestion  and  absorption,  the  bile  has 
other  uses.  The  fatty  acids,  largely  reabsorbed,  may  become 
converted,  in  the  circulation,  into  carbonic  acid  and  Avater,  for 
respiratory, motor,  and  calorific  purposes.  The  glycocoll,  taurin, 
and  the  colouring  matters  are  apparently  excreted.  The  glyco- 
coll is  probably  thrown  off  by  the  kidneys  as  urea,  for  Avhen 
it  is  administered  as  food,  more  urea  is  then  eliminated ; the 
colouring  matters,  altered  fr-om-  a yelloAv  to  a greenish,  and  then 
to  a dark-broAvn  hue,  some  taurin,  and  likeAvise  a small  portion  of 
the  cholic  acid,  converted  into  dyslysin,  are  found  amongst  the 
excreta.  The  excrementitious  character  of  the  bile,  is  fiirther 
indicated  by  the  size  and  activity  of  the  liver  before  birth, 
when  no  digestion  is  going  on.  Moreover,  by  its  glycogenic 
function,  the  liver  performs  a liighly  imjAortant  nutritive 
office,  affording  to  tlie  body  respiratory  food.  Lastly,  it 
may  be  said  to  act  as  a purifying  agent  on  the  venous  blood 
returning  from  the  alimentary  canal,  partly  by  its  direct  power 
of  assimilating  albuminoid,  oleaginous,  saccharine,  and  colour- 
ing substances,  but  also  partly  as  a sort  of  filtering  organ,  in 
Avhich  foreign  bodies,  such  as  metallic  salts  and  other  sub- 
stances, are  detained,  and  prevented  from  entering  too  sud- 
denly into  the  general  circulation. 

Irritation,  or  division,  of  the  pneumogastric  nerves,  beloAv 
the  diaphragm,  appears  to  produce  no  effect  on  the  quantity 
of  the  bile  secreted  in  a given  time ; but  injury  to  both,  or  even 

A A 2 


SPECIAL  PHYSIOLOGY. 


3f)6 


to  one  of  those  nei-ves  higher  up,  interferes  Avith  the  biliair 
secretion,  perhaps  by  its  effect  on  the  circulation  and  respi- 
ration. 

When  the  bile  is  not  eliminated  from  the  system,  or  -when 
it  is  reabsorbed,  symptoms  of  nervous  prostration  ensue,  tvith 
headache  and  jaundice,  often  followed  by  death.  The  con- 
stituents of  the  blood,  out  of  which  the  bile  is  formed,  when 
retained,  or  the  bile  itself  when  taken  up,  appear,  therefore, 
to  be  noxious,  or  even  poisonous. 

The  combined  assimilative,  secreting,  excreting,  and  puri- 
fying actions  of  the  liver,  are  consistent  with  its  large  size,  its 
general  presence  in  nearly  all  animals,  its  marked  vascularity, 
the  peculiar  source  of  its  blood,  the  high  temperature  of  its 
tissue  and  of  the  hepatic  blood  returning  from  it,  and  the 
•singular  variety  of  the  metamorphic  changes  which  take  place 
in  it.  So  long  as  its  olfice  was  supposed  to  be  merely  to 
secrete  2 oz.  of  solid  biliary  matter  daily,  whilst  the  Imigs 
excrete  8 oz.  of  carbon  in  the  same  time,  the  size  and  other 
characters  of  this  gland,  were  not  fully  explained,  espe- 
cially in  its  embryo  state ; but  its  glycogenic  fiinction,  and 
its  influence  in  the  process  of  sanguification,  sufficiently  ac- 
count for  its  pre-eminence  amongst  all  the  glandulai'  organs  of 
the  body. 

The  Mammary  Glands  and  Lactation. 

The  human  infant,  and  the  young  of  all  Mammalia,  are 
supplied  with  suitable  nutriment  for  the  first  months  of  their 
existence,  in  the  well-kuonm  fluid  named  milk,  secreted  by  the 
mammary  glands.  It  is  in  the  female  only,  that  these  glands 
yield  milk,  the  process  being  termed  lactation.  In  the  males 
of  mammiferous  animals,  these  glands  exist,  but  their  parts  are 
very  small. 

The  mammary  gland,  in  woman,  is  a large  organ,  composed 
of  numerous  lobes,  arranged,  in  a more  or  less  radiating  man- 
ner, around  the  projecting  part,  named  the  mammilla,  or 
nipple.  The  lobes,  which  may  be  moved  slightly  upon  each 
other,  are  separated  by  fibrous  septa,  and  are  held  together 
by  a general  investment,  stronger  on  the  under  side  of  the 
gland,  where  it  rests  upon  the  pectoral  muscle.  Each  lobe 
consists  of  a number  of  lobules,  possessing  the  structure  of  a 
compound  racemose  gland,  close!}'’  resembling  that  of  the 
parotid  gland  (fig.  42,  c).  The  terminal  ducts  end  in  clusters  of 
short  follicles,  or  vesicles,  about  ■^•^th  of  an  inch  in  diameter, 
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which,  when  filled,  are  just  visible  to  the  naked  eye,  and  the 
walls  of  which  are  lined  with  a layer  of  soft  glandular  epithelial 
cells.  From  these  follicles,  the  smallest  lactiferous  ducts  unite 
into  one  or  more  larger  ducts  for  each  lobule,  and  these  join  into 
still  larger  tubes  called  galactopherous  ducts,  one  or  more  for 
each  lobe.  These  large  ducts,  about  fifteen  in  number,  run  to 
the  centre  of  the  gland,  and  generally  dilate,  so  as  to  form  tem- 
porary receptacles  for  the  milk.  The  walls  of  these  ducts  are 
composed  of  a fibrous  coat,  containing  unstriped  mu.scular 
fibres,  and  lined  by  a mucous  membrane  continuous  with  the 
skin.  They  open  at  the  summit  of  the  nipple,  by  separate 
small  round  orifices,  seen  at  the  bottom  of  little  depressions  in 
the  skin.  The  arteries  of  the  mammary  gland  are  numerous, 
and  proceed  from  many  sources  ; they  present  a good  example 
of  the  enlargement  of  bloodvessels  supplying  a part,  in  which 
increased  activity  of  function  occurs.  Numeroiis  capillaries 
surround  the  terminal  vesicles  of  the  gland.  The  veins  and 
lymphatics  are  also  numerous.  So  likewise  are  the  nerves, 
partly  spinal,  and  partly  sympathetic,  the  latter  reaching  the 
gland  along  the  arteries. 

The  first  secretion  of  milk  is  preceded  by  an  enlargement 
of  these  glands,  which  causes  a certain  hardness  and  tendernes.s 
of  the  part,  and  a febrile  disturbance  of  the  system,  known  as 
milk  fever.  The  first  milk  secreted,  much  thicker  and  darker 
than  the  subsequent  secretion,  is  named  the  colostrum.  After 
lactation  is  established,  the  secretion  is  not  uniform,  but 
remittent,  proceeding  slowly  during  the  intervals  of  su-'kling, 
so  as  not  usually  to  accumulate  and  cause  suffering,  but  sud- 
denly increasing,  in  accordance  with  the  great  afflux  of  blood 
to  the  glands,  during  the  act  of  nursing.  The  fulness  and 
increased  secretion  experienced  at  this  time,  constitate  the 
phenomenon  called  the  draught.  From  each  distended  gland, 
the  quantity  obtainable  by  pressure,  is  about  two  ounces ; but 
the  daily  quantity  secreted  by  both,  fluctuates  according  to  so 
many  circumstances,  that  no  correct  average  is  attainable. 
The  composition  of  the  milk,  also  varies  exceedingly.  Its 
specific  gravity  ranges  from  1,030,  or  less,  to  1,035.  The 
colour  of  Inmian  milk,  is  bluish-white,  owing  to  its  greater 
transparency  as  compared  vvith  cow’s  milk.  It  is  opalescent, 
and  perhaps  fluorescent.  It  contains  from  860  to  910  parts 
of  water  in  1,000,  the  solid  matter  varying  accordingly,  from  14 
to  9 per  cent. ; its  average  composition  is  89  parts  of  water  to 
11  of  solid  constituents.  These  latter  consist  of  4' 5 of  lactin  or 
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sugai’  of  milk,  3'5  of  casein,  2'5  of  fatty  matters  or  butter,  S 
ot  extractives,  and  '2  of  alkaline  and  earthy  salts,  together 
with  traces  of  iron.  Milk  lil^e-wise  contains,  like  the  blood, 
carbonic  acid  gas,  nitrogen,  and  oxygen,  the  total  amount  of 
these  gases  being  about  3 per  cent,  of  its  volume ; more  than 
half  of  this  is  carbonic  acid  gas,  and  only  ^th  part  oxygen, 
the  remainder  being  nitrogen. 

The  milk  is  a true  secretion,  formed  out  of  the  materials 
of  the  exuded  plasma  of  the  blood,  by  the  agency  of  the 
epithelial  cells  of  the  terminal  vesicles  of  the  gland.  It  is 
comjDOsed  of  a slightly  turbid  fluid,  containing  suspended  in  it, 
a vast  number  of  minute,  more  or  less  spherical,  particles 
named  the  globules]  these  are  composed  of  an  oily  matter, 
surrounded  by  a thin  film  or  peUicle  of  alhuminoid  substance, 
probably  of  casein,  for  neither  ether  nor  an  alkali,  which 
would  dissolve  fatty  matter,  attacks  them,  unless  they  are  first 
acted  on  by  acetic  acid,  or  are  strongly  agitated,  so  as  to 
dissolve  or  break  the  albuminoid  film,  which  does  not  appear 
to  be  organised.  These  milk  globules  vary  from  -i-j-o  o-gth  to 
■g-jjJg-yth  of  an  inch  in  diameter;  other  and  much  smaller 
spherical  particles,  manifesting  the  molecular  movement,  exist 
in  the  fluid,  and  probably  cause  its  turbidity ; some  of  these 
may  consist  of  casein,  but  they  are  chiefly  fatty,  and  readily 
dissolve  in  ether.  The  milk  also  contains  a few  epithelial 
cells  from  the  ducts.  Owing  to  the  thin  pellicle  aroimd  the 
milk  globules,  these  do  not  at  once  run  together,  but  only 
coalesce,  after  a time,  in  the  formation  of  the  cream.  In  the 
colostrum  the  milk  globules  are  very  minute,  but  there  also 
exist  in  it,  peculiar  lai-ge,  yelloAvish,  closely  and  finely  granular 
fatty  corpuscles,  which  resemble  the  so-called  exudation  cells, 
or  compound  inflammation  cells ; these  appear  to  result  fi-om 
the  fatty  degeneration  or  transformation  of  the  glandular  epi- 
thelial cells.  The  colostrum  contains  albumen,  or  at  least  it 
coagulates  on  boiling ; it  also  has  a larger  proportion  of  sugar 
and  saline  constituent.®.  It  exercises  an  aperient  efiect  upon 
the  new-born  infant.  The  colostric  condition  sometimes  persists 
for  too  long  a period,  and  then  the  milk  is  less  suitable  for  food. 

As  long  ago  remarked  by  Prout,  milk  presents  us  with 
a type,  or  pattern  of  food,  for  it  contains,  in  definite  and 
duly  balanced  proportions,  nitrogenous  and  non-nitrogenous 
nutrient  substances,  albuminoid,  fatty  and  saccharine,  fitted 
for  both  plastic  and  respiratory  prrrposes,  and,  besides  these, 
suitable  salts  for  the  blood  and  tissues.  Milk,  as  we  have 
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seen,  is  composed  of  water,  which  holds  in  solution  lactin  or 
milk-sugar,  casein  or  the  albuminoid  substance  characteristic 
of  this  secretion,  certain  extractive  matters,  and  salts ; whilst 
it  contains,  in  suspension,  fatty  with  albuminoid  matter. 
When  set  aside  in  quantity,  a natural  analysis  of  milk  takes 
place ; first  the  oily  matter,  being  of  light  specific  gravity, 
together  with  a certain  amount  of  casein,  and  even  sugar  and 
saline  substances,  rises  as  cream,  the  globules  of  which,  by 
agitation,  as  in  the  process  of  churning,  combine  to  form 
butter,  leaving  most  of  the  casein,  the  sugar,  and  other  sub- 
stances, extractives,  and  salts,  in  the  butter-mill:.  After  a 
time,  some  of  the  sugar  in  this  butter-milk,  undergoes  a 
peculiar  fermentation,  perhaps  excited  by  the  casein,  and  is 
changed  into  lactic  acid ; this  immediately  precipitates  the 
casein  in  minute  flocculi,  which  combine  to  form  the  so-called 
curd.  The  residual  fluid,  called  the  whey,  now  contains  most  of 
the  lactin  or  sugar  of  milk,  with  lactic  acid,  extractives,  and  salts. 

The  fatty  matter  of  the  cream,  consists  chiefly  of  olein,  but 
it  also  contains  stearin,  and,  in  particular,  a peculiar  fat,  named 
butyrin,  which  is  a compound  of  butyric  acid  and  glycerin, 
and  imparts  to  butter  its  characteristic  taste  and  smell.  It 
yields,  when  acted  on  by  alkalies,  and  also  when  spontaneously 
decomposed  at  high  temperatures,  besides  butyric,  small 
quantities  of  caproic  and  capric  acids.  The  casein  of  human 
milk,  is  not  so  easily  precipitated  by  acids  or  by  rennet,  as 
the  casein  of  cow’s  milk;  in  this  respect,  and  also  as  regards 
its  smaller  quantity  of  casein,  human  milk  resembles  more 
closely  the  milk  of  the  ass.  The  lactin  or  sugar  of  milk, 
which  may  be  separated  by  crystallisation  from  inspissated 
whey,  is  convertible  into  grape-sugar,  by  dilute  mineral,  or 
by  vegetable,  acids ; it  is  very  prone  to  enter  into  the  lactic 
fermentation,  and  even  to  form  butyric  acid  by  decomposition  ; 
but  it  is  difficult  to  transform  it  into  alcohol.  The  extrac- 
tives of  milk  have  not  been  well  examined.  The  salts 
resemble  those  of  the  blood ; but  they  present  curiously  a 
larger  relative  amount  of  the  earthy  phosphates  of  lime  and 
magnesia,  which  are  combined  with,  and  rendered  soluble  by, 
the  casein.  Chlorides  of  sodium  and  potassium,  and  traces  of 
phosphate  of  iron,  are  met  with.  Human  milk  may  be  either 
neutral,  alkaline,  or  acid ; but  the  milk  of  most  animals 
usually,  and  that  of  the  Carnivora  always,  at  the  time  of  its 
examination,  is  acid,  from  the  presence  of  free  lactic  acid. 

The  casein  is  probably  formed,  by  the  secreting  power  of 
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the  mammary  gland  cells,  from  the  albuminoid  principles  of 
the  blood  : but,  according  to  some,  it  is  preformed  in  the  blood 
itself,  during  the  period  of  lactation.  It  supplies  materials  to 
the  infant,  for  the  re-formation  of  albuminoid  compounds.  The 
oily  matters  derived  from  the  animal  fats,  or  from  sugar,  and 
the  sugar  itself,  the  source  of  which  is  yet  unknown,  are  not  only 
directly  adapted  for  respiratory  purposes,  and  the  production 
of  animal  motion  and  heat,  in  the  infant,  but  also,  as  well  as 
the  casein,  are  doubtless  employed,  in  part,  in  various  important 
nutritive  and  secretive  processes.  The  salts  of  the  milk  are 
also  those  which  are  essential  to  the  formation  of  blood,  salts 
of  potassium  and  iron  for  the  corpuscles,  and  salts  of  soda, 
calcium,  and  magnesium  for  the  liquor  sanguinis.  The  phos- 
phates of  lime  and  magnesia  are  absolutely  necessary  for  the 
growth  of  the  young  skeleton.  Of  all  the  secretions,  milk  is 
especially  nutritive,  and  most  closely  resembles  blood  in  com- 
position, its  chief  distinction  from  that  fluid,  being  the  large 
quantity  of  sugar  in  it.  Milk  alone  contains  albuminoid,  fatty, 
and  saccharine  elements  combined.  Its  secretion  is  not  essential 
to  the  system,  being,  ordinarily,  limited  to  one  sex,  and,  in 
that,  being  temporary  or  periodic.  From  its  general  resem- 
blance to  blood,  the  arrest  of  its  secretion,  is  not  so  pernicious 
as  the  non-secretion  of  the  bile ; nevertheless,  its  retention 
within  the  gland,  besides  causing  obstruction  of  the  ducts, 
inflammation  of  the  organ,  and  its  consequences,  may  likewise, 
perhaps,  prove  injurious  through  re-absorption,  especially  of 
the  crystalloids,  lactin,  and  lactic  acid.  It  has  been  supposed 
that  its  constituents  may  be  retained  in  the  blood,  and  so 
accoimt  for  the  constitutional  disturbance  which  follows  the 
sudden  arrest  of  the  secretion ; but  the  proper  constituents  of 
the  milk  are  probably  not,  normally,  pre-existent  in  the 
blood,  though  they  may,  like  those  of  other  secretions,  be 
reabsorbed.  Cases  of  vicarious  secretion  of  milk,  which  are 
very  numerous,  may  depend  on  reabsorption,  and  distant 
exudation,  of  the  absorbed  constituents.  A case  has  been 
recorded  of  the  expectoration  of  milk  following  sudden  arrest 
of  the  secretion.  Instances  of  so-called  vicarioxrs  secretion  of 
miUc  from  the  inguinal  region,  have  been  supposed  to  be  due 
to  the  presence  of  supernumerary  mammar}'  glands  in  that 
position.  This  would  correspond  with  the  normal  situation 
of  these  glands  in  some  of  the  lower  animals,  and  rudiments 
of  more  than  one  pair  of  mammary  glands,  are  sometimes  met 
with  in  the  human  body. 
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The  quantity  and  quality  of  the  human  milk,  vary  accord- 
ing to  many  circumstances.  Thus,  it  is  not  only  most 
abundant,  but  most  nutritious,  in  nursing  women,  fronr  the 
age  of  15  to  20,  whilst  it  is  least  so,  in  those  from  35  to  40. 
The  constitution  also  greatly  influences  the  character  and 
nutritive  qualities  of  the  milk ; hence  the  necessity  for  the 
selection  of  healthy  wet-nurses.  In  the  early  periods  of 
lactation,  the  casein  is  at  first  relatively  small  in  quantitjq 
but  afterwards  becomes  increased  and  attains  a determinate 
ratio ; whilst  the  sugar  is  at  first  abundant,  but  afterwards 
reduced  in  proportion.  From  experiments  on  the  cow,  the 
fatty  matters  seem  to  vary  most,  chiefly  according  to  the 
nature  and  quantity  of  the  food,  the  temperature  in  which 
the  animal  lives,  and  the  amount  of  exercise  it  is  peimitted 
to  take.  Thus,  warmth  and  rest,  increase  the  quantity  of 
oily  matter,  whilst  cold  and  exercise  diminish  it  (Playfair). 
Exercise,  however,  increases  the  relative  amount  of  casein. 
Both  in  the  human  subject  and  in  animals,  the  nature  of  the 
food,  and  the  quantity  of  water  taken  in,  or  with,  it,  must 
directly  influence  the  specific  gravity,  the  amount  of  solid 
matter,  and  the  relative  qvtantities  of  the  several  ingredients 
of  the  milk.  It  has  been  observed  in  the  cow,  that  the  last 
milk  drawn,  at  any  one  time  of  milking,  is  richer  than  the  first. 

The  influence  of  the  nervous  system  in  modifying  the 
quantity  and  quality  of  the  milk,  is  most  important,  and 
universally  recognised.  Irritation  of  the  nipple  increases,  by 
a reflex  influence,  the  flow  of  milk ; this  is  probably  one 
cause  of  the  rapid  flow  of  the  secretion  during  the  act  of 
suckling.  Continued  local  irritation,  combined  with  a strong 
desire  for  the  occurrence  of  lactation,  and  a fixed  attention 
towards  the  mammary  glands,  have  been  known  to  produce 
this  secretion  in  women  not  recently  mothers,  to  protract  its 
flow  for  many  years,  to  excite  it  in  aged  women  and  in  girls, 
and  even,  it  is  .said,  in  individuals  of  the  male  sex.  In  that 
sex,  usually,  however,  the  rudimentary  glands  yield  only 
occasionally  a thin  clear  fluid,  the  composition  of  which  is 
uncertain.  The  influence  of  the  nervous  system,  as  affected 
by  mental  states,  upon  the  secretion  of  the  milk,  is  further 
evinced  by  the  abundant  flow,  the  so-called  draught,  often 
excited  by  the  sight,  or  even  by  thinking  of  the  infant. 
Tranquil  and  pleasing  emotions  favour  the  normal  secretion  ; 
but  anger,  anxiety,  grief,  and  terror  may  produce  serious 
modifications  in  the  quality  of  the  milk,  or  may  even  suspend 
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its  formation.  Violent  passion  may  induce  such  changes  in 
this  secretion,  as  to  cause  it  to  be  poisonous,  and  even 
immediately  fatal,  to  the  infant.  This  probably  arises  from 
some  modification  in  the  blood  (p.  318). 

To  secure  the  healthy  performance  of  the  function  of  lacta- 
tion, an  ample  amount  of  nutritious  food,  moderate  exercise, 
tranquillity  of  mind,  and  regular  habits,  are  necessary  condi- 
tions ; a defective  or  excessive  diet,  fatigue,  and  irregularities 
and  excesses  of  all  kinds,  axe  unfavourable.  The  influence  of 
alcoholic  stimulants,  in  moderation,  is,  by  promoting  digestion 
indirectly,  favourable  to  the  supply  of  milk.  Medicinal  agents, 
especially  those  of  a powerful  kind,  should  be  avoided  ; many 
of  them  enter  the  milk,  and  may  thus  affect  the  child. 
Mineral  and  saline  substances,  and  the  alkaloids,  such  as 
quinine  and  morphia,  pass  more  readily  into  the  milk  than 
vegetable  aperients. 


The  peculiarities  in  the  milk  of  the  cow  and  other  animals,  as  com- 
pared with  human  milk,  are  interesting  in  a dietetic  and  economic  point 
of  view; — - 


Woman 

Cow 

Goat 

Sheep 

Ass 

itare 

(Simon) 

(Simon)  (Chevalier)  (Chevalier)  (Simon) 

(Lniscios) 

Water  . . . 

. 890 

860 

868 

856 

907 

888 

Solid  matters 

. no 

140 

132 

144 

95 

112 

Butter  . . 

. 25 

38 

33 

42 

12 

8 

Casein  . 

. 35 

68 

40 

45 

16 

16 

Sugar,  with  ex- 
tractives 

1 48 

30 

53 

50 1 

65 

88 

Salts  , . . 

2 

6 

6 

7J 

According  to  this  Table,  the  milk  of  the  goat,  more  closely  resembles, 
in  chemical  composition,  the  human  milk  than  does  that  of  any  other 
animal ; but  it  has  been  found  that,  besides  having  a peculiar  odour, 
its  ciu’d  is  remarkably  compact.  The  milk  of  the  sheep,  differs  a little 
more  from  human  milk.  That  of  the  mare  and  of  the  ass,  axe  charac- 
terised by  the  small  quantity  of  butter  and  casein,  and  the  large  quantity 
of  sugar,  which  they  contain.  The  mffk  of  the  mare,  is  most  remarkable 
for  its  enormous  proportion  of  sugar ; this  may  explain  its  disposition 
to  undergo  the  alcoholic  fermentation,  a fact  turned  to  account  by  many 
Tartar  tribes,  in  order  to  make  an  intoxicating  drink.  The  milk  of  the 
ass,  notwithstanding  its  difference  from  human  milk,  is,  perhaps  from  the 
difficulty  with  which  its  casein  is  precipitated,  and  from  the  delicacy  of 
its  curd,  the  most  easily  digested  by  the  human  infant.  Cow's  milk, 
which  is  the  great  source  of  milk  for  human  food  and  the  great  substi- 
tute for  human  milk  in  tire  case  of  infants,  contains  more  casein  and 
more  butter  than  human  milk,  but  only  about  3-5ths  of  the  quantity  of 
sugar.  The  specific  gravity  of  good  milk  is  about  1030,  that  of  the 
cream  being  1024,  and  that  of  the  skimmed  milk  about  1035  ; by 
means  of  a proper  lactometer,  the  quality  of  milk  may  be  determined 
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approximately  by  every  householder.  Considered  as  infant  food,  the 
milk  of  the  cow,  is  too  rich  in  casein  and  butter,  and  too  poor  in  sugar; 
hence  it  should  be  diluted  and  sweetened,  either  with  common  white 
sugar  or,  what  is  better,  with  sugar  of  milk.  Half  a pint  (imperial)  of 
good  fresh  cow's  milk,  with  half  an  ounce  of  milk-sugar  and  half  a pint 
of  water,  will  form  a tolerably  near  approximation  to  ordinary  human 
milk,  but  it  is  deficient  in  the  due  proportion  of  saline,  earthy,  and 
ferruginous  salts.  As  an  infant  advances  in  age,  the  sugar  and  water 
may  be  diminished,  and  farinaceous  food  may  be  added.  It  is  well 
known  that  the  milk  of  certain  breeds  of  cattle,  is  richer  than  that  of 
others.  Authorities  differ  as  to  the  relative  richness  of  the  milk  of 
cows  fed  in  town  dairies  or  in  country  pastures,  but  country  milk  must 
be  more  natural,  and  better  as  food,  than  the  artificially  forced  produc- 
tion of  the  town-fed  animal,  other  circumstances  being  equal. 

The  mammary  glands,  as  is  well  known,  differ  in  arrangement  and 
position  in  different  orders  of  Mammalia ; sometimes,  as  in  the  Carni- 
vora and  in  the  pig,  they  are  divided  into  numerous  portions,  disposed 
along  nearly  the  whole  length  of  the  under  side  of  the  trunk,  each 
symmetrical  mass  having  its  own  nipple ; sometimes,  as  in  the  Enmi- 
nants,  and  in  the  genus  Equus,  they  are  post-abdominal ; in  the 
Cetacea,  they  are  situated  even  still  fm-ther  back ; in  the  Quadrumana, 
as  in  Man,  they  are  found  in  the  pectoral  or  thoracic  region  only.  The 
microscopic  structure  resembles  that  of  the  human  gland,  excepting  in 
the  lowly  organised  Monotrematous  ornithorynchus,  in  which  the  milk 
glands  consist  merely  of  clusters  of  simple  blind  follicles,  opening  in  a 
group  on  the  skin.  This  simple  structure  suggests  an  homologous  rela- 
tion between  the  mammary  and  the  cutaneous  glands. 

Mucous  Secretion  and  Mucus. 

IMucus  is  the  clear,  or  slightly  turbid,  colourless,  viscid 
fluid  fotmd  on  mucous  membranes.  It  is  partly  secreted  by 
the  epithelial  cells  of  the  compound  racemose  glands,  but  in 
part,  also,  by  those  of  the  surface  of  such  membranes.  It  is 
a special  secretion  from  the  plasma  of  the  blood,  and  differs 
from  it  chemically.  Mucus  is  commonly  alkaline,  but  often 
speedily  becomes  acid;  normally,  perhaps,  it  is  neutral.  It 
is  composed  chiefly  of  water,  holding  in  it  from  4 to  6 per 
cent,  of  solids.  It  contains  desquamated  epithelial  cells, 
nntcous  corpuscles  which  closely  resemble  the  white  blood 
corpuscles,  and  pus  corpuscles,  and  also  certain  nucleated  cells 
intermediate  between  the  true  mucous  cells  and  epithelial 
cells.  Its  chief  constituent  is  a special  albuminoid  substance, 
called  mucin,  which,  precipitable  by  alcohol,  acetic,  and  other 
acids,  but  not  by  boiling,  swells  up,  rather  than  dissolves,  in 
water,  and  is  the  cause  of  its  natural  viscidity ; besides  this, 
it  contains  a small  amount  of  extractives,  and  salts  hke  those 
of  the  blood.  It  is  sometimes  very  thin,  as  when  secreted  from 
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the  nose  during  a cold ; in  other  situations,  it  is  much  more 
viscid,  as  the  intestinal  or  vesical  mucus,  and  the  nasid  mu- 
cus ; that  Irom  the  air  passages  in  cases  of  cold,  is  very  viscid, 
and  contains  albirmen.  The  use  of  mucus,  is  chiefly  me- 
chanical, assisting  in  the  acts  of  mastication,  deglutition,  or 
speech,  or,  as  in  certain  animals,  in  the  capture  of  prey.  It 
aids  in  taste  and  smell,  preseiuung  the  moisture  of  the  parts, 
and  acting  also  as  a solvent.  It  is  likewise  protective,  both  me- 
chanically and  chemically,  by  offering  resistance  to  the  action 
of  the  digestive  fluids,  which  do  not  easily  dissolve  it.  Some- 
times it  behaves  as  a ferment,  po.ssibly  assisting  the  salivin, 
pepsin,  and  pancreatin,  though  not  possessing  very  active 
powers.  It,  or  something  mixed  with  it,  undoubtedly  deter- 
mines the  retrograde  decomposition  of  the  renal  excretion,  when 
this  is  retained  longer  than  usual  in  the  body.  Mucin,  not 
being  readily  soluble  or  digestible,  cannot,  strictly  speaking, 
be  nutritive  or  absorbable. 

Serous  and  Synovial  Secretions. 

These  fluids,  w'hich  cover  and  moisten  the  surface  of  the 
serous  and  synovial  membranes,  differ  so  little  in  composition, 
from  the  plasma  of  the  blood,  that  their  formation  has,  by 
some,  been  regarded,  not  as  a process  of  secretion  but  as  one 
of  transitdation  through  those  membranes.  A certain  modi- 
fication of  the  plasma  of  the  blood,  as  it  is  exuded  fi-om  the 
capillaries,  is  here  accomplished,  however,  by  the  action  of  the 
epithelial  cells,  which,  in  a single  layer,  cover  these  membranes. 
These  fluids  may  sometimes  contain,  in  certain  morbid  con- 
ditions, e.xcretory  materials,  such  as  urea,  lactate  of  soda, 
sugar,  and  traces  of  bile  pigment,  all  of  which  are  manifest 
transudations. 

The  sei'Oits  fluids,  which  must  not  be  confounded  tvith  the 
serum  of  the  blood,  contain  as  much  as  99  per  cent,  of 
water,  a few  salts,  soihe  albumen,  and  a substance  slightly 
soluble  in  alcohol.  They  are  thin  and  scanty  in  normal  con- 
tions,  in  the  cavities  of  pleura,  pericardium,  peritonteum,  and 
arachnoid  spaces,  their  use  being  merely  to  prevent  friction. 
The  aqueous  humottr  of  the  eyeball,  may  be  regarded  as  a 
serous  secretion,  adapted,  by  its  locality,  to  a very  special 
piu’pose.  When  accumulated  in  abnormal  quantity,  from  in- 
flammation, serous  fluids  cause  internal  dropsies,  and,  in  that 
case,  generally  contain  traces  of  fibrin,  which  will  slowly  co- 
agulate after  removal  from  the  body. 
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The  sijnovial  fluid,  or  synovia,  is  much  more  viscid  than  the 
serous  fluid ; it  contains  nearly  6‘5  per  cent,  of  albumen, 
together  with  fatty  matter,  salts  resembling  those  of  the  blood, 
epithelial  cells,  corpuscles  like  the  pale  corpuscles  of  the  blood, 
and,  it  is  said  by  some,  a substance  closely  resembling  mucin. 
The  use  of  this  fluid,  found  alike  in  joints,  in  the  so-called 
bursse  mucosse,  and  in  the  sheaths  of  tendons,  whether  these 
move  in  grooves  on  the  bones  lined  with  cartilage,  or  in  soft 
parts  only,  is  chiefly  mechanical,  to  prevent  the  effects  of  fric- 
tion ; but  in  the  joints,  it  may  act  nutritively  on  the  cartilages. 


EXCEETION. 

The  characters  which  distinguish  excretion  from  secretion 
proper,  have  already  been  detailed  (pp.  343-.0).  Its  products, 
like  those  of  secretion,  are  fluid  or  gaseous,  at  least  in  the  human 
body,  although  semi-solid,  or  solid,  urine  occurs  in  Birds  and 
Eeptiles.  The  term  excreta,  is  also  commonly  applied  to  the 
solid  materials  ejected  from  the  intestinal  canal,  as  the  resi- 
duum of  the  digestive  process.  These,  however,  are  only 
partly  excreted  substances,  such  as  unabsorbed  biliary  and 
other  products  more  or  less  changed,  substances  thrown  out 
by  the  intestinal  glands,  and  undigested  mucus  and  epithe- 
lium. The  greater  portion  of  the  mass,  however,  consists  of 
undigested  food,  such  as  elastic  tissue,  sarcolemma,  the  walls 
of  vegetable  cells,  spiral  ducts,  and  woody  fibre. 

The  fluid  excretions  are  those  eliminated  by  the  kidneys  and 
the  skin,  the  former  excretion  being  the  more  complex.  The 
exlialation  of  carbonic  acid  from  the  lungs,  is  an  excretory 
process  more  immediately  necessary  to  life  than  any  other. 
The  lungs  may  be  regarded  as  excretory  glands,  and  the  car- 
bonic acid  expelled  from  them,  as  a gaseous  excretion ; but 
the  speciality  of  this  process,  its  association  with  the  absorption 
of  oxygen,  and  its  peculiar  mechanism,  render  it  necessary  to 
consider  the  entire  function  separately,  under  the  head  of 
Eespiration. 

Renal  Excretion. 

The  urine,  excreted  by  the  kidneys,  is  the  most  perfect  ex- 
ample of  a fluid  excretion  given  off  by  the  animal  economy ; its 
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various  constituents  exist  preformed  in  tire  blood ; they  are, 
moreover,  highly  oxidised  nitrogenous  products  of  the  decom- 
position of  the  albuminoid  tissues,  and  of  the  albuminoid  con- 
stituents of  the  blood.  They  are  destitute  of  organisation, 
and  incapable  of  it ; neither  can  they  be  made,  in  animals,  to 
undergo  an  ascensive  chemical  metamorphosis  fitting  them  for 
nutrient  purposes ; they  are  of  no  further  use  in  the  organism, 
and,  indeed,  if  retained,  are  highly  injurious  to  it.  Hence 
they  are  destined  to  be,  once  for  all,  separated,  or  excreted 
from  it,  and  to  be,  as  soon  as  possible,  entirely  discharged  from 
the  body.  It  facilitates  this  end,  that  they  are  chiefly  crystal- 
loid bodies,  and  therefore  easily  dialysable.  It  is  provided, 
moreover,  that  a very  large  proportion  of  the  blood  should 
pass  through  the  organs  by  which  these  substances  are  elimi- 
nated, for  the  quantity  sent  through  them  in  twenty-four  hours 
amounts  to  nearly  2000  lbs.  (Broum-Sequard) ; so  that  all  the 
blood  in  the  body,  may  pass  through  them  150  times  in  that 
period.  Lastly,  the  excretion  of  urine  is  continuous  or  in- 
cessant. 


The  Kidneys, 

The  Jcidneys  are  two  dense,  firm,  dark-red,  solid,  but  fragile 
glandular  organs,  situated  at  the  back  part  of  the  abdominal 
cavity,  in  the  lumbar  region,  one  at  each  side  of  the  vertebral 
column,  on  a level  with  the  last  dorsal  and  the  two  or  three 
upper  lumbar  vertebrae,  and  reaching  from  the  eleventh  rib 
to  near  the  crest  of  the  hip  bone.  The  right  kidney,  oudng 
to  the  proximity  of  the  hver  on  that  side,  is  about  a rib's 
breadth  lower  than  the  left.  The  kidneys  are  placed  behind 
the  peritonaeum,  and  are  held  in  position  by  their  bloodvessels, 
nerves,  and  the  excretory  ducts,  called  the  ureters  ; they  are 
likewise  surrounded  by  an  areolar  tissue,  usually  loaded  with 
fat,  forming  the  so-called  adipose  coat,  tvhich,  being  a bad 
conductor  of  heat,  serves  to  preserve  the  temperature  of  these 
organs.  The  shape  of  the  kidney,  is  well  known  and  charac- 
teristic. Each  is  about  4 inches  long,  2 wide,  and  1 tliick  ; 
the  left  one  is  rather  longer  and  thinner  than  the  right.  In 
the  male,  each  weighs  from  4-^  to  5^  ounces ; in  the  female, 
about  4 oz.  less.  The  left  kidney  is  generally  about  4 oz. 
heavier  than  the  right.  The  weight  of  the  two  glands  together, 
in  proportion  to  that  of  the  body,  is  about  as  1 to  240.  The 
specilic  gravity  of  the  kidney  substance  is  1050.  Its  chemical 
composition  is  76  per  cent,  of  water,  1 5 of  albuminoid  sub- 
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stance,  only  1 of  fatty  or  resinons  matter,  whicli  is  chiefly 
cholesterin,  together  with  certain  extractives,  including  inosite, 
cystin,  taurin,  and  xanthin. 

If  one  kidney  be  atrophied  or  destroyed  by  disease,  the 
other  one  usually  enlai'ges.  In  certain  cases,  the  kidneys  are 
joined  by  a transverse  portion  of  gland  substance,  the  upper 
border  of  which  is  generally  concave,  the  resulting  mass  form- 
ing the  so-called  horse-shoe  kidney.  The  two  conjoined 
kidneys  are  sometimes  found  on  one  or  other  side  of  the  lum- 
bar region,  or  even  in  the  pelvic  cavity.  A few  instances  are  on 
record,  of  the  presence  of  three  kidneys,  the  third  gland, 
usually  called  a movable  or  floating  kidney,  being  placed 
either  on  one  side  of  the  vertebral  column,  or  in  front  of  it,  or 
else  in  the  pelvis. 

The  upper  end  of  each  kidney  is  surmounted  by  the  cor- 
responding supra-renal  body.  Its  internal  concave  border 
presents  towards  its  middle,  a deep  longitudinal  Assure,  called 
the  hilus,  which  leads  into  a cavity  within  the  organ,  named 

Fig.  109. 


Fig.  109.  Diagram  of  a longitudinal  section  of  tlie  kidney.  1.  Cortical 
substance.  2.  A pyramid.  2'.  Mammilla  or  papilla  of  a pyramid,  lying 
in  its  opened  calyx.  .3.  Portion  of  ureter  expanding  above  into  the 
pelvis  of  the  kidney,  then  dividing  into  the  infundibula,  and  afterwards 
into  the  calyces. 

the  sinus.  This  gives  exit  and  entrance  to  the  bloodvessels, 
absorbents,  and  nerves,  and  also  to  the  ureter ; the  renal  or 
emulgent  veins  here  lie  in  front,  the  ureter  behind,  and  the 
renal  arteries  between  them. 
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The  kidney  is  everywhere  closely  invested  by  a proper  firm, 
smooth,  fibrous  coat,  which  may  be  readily  torn  off;  it  is, 
however,  connected  with  the  gland  substance,  by  numerous  fine 
fibrous  processes  and  vessels  ; it  passes  in  at  the  hilus,  lines 
the  cavity  of  the  sinus,  and  is  even  reflected  on  to  the  ureter 
and  bloodvessels. 

On  making  a longitudinal  section  of  the  kidney  through 
the  hilus,  the  solid  gland  substance  is  found  to  consist  of  an 
outer  cortical  portion,  and  of  a deep-seated  medullary  portion. 
The  cortical  substance  is  continuous  over  the  whole  organ, 
and  dips  in  between  the  different  parts  of  the  medullar}’ 
portion,  which  is  disposed  in  a series  of  conical  masses.  The 
cortical  substance  is  about  2 lines  in  thickness,  and  forms  about 
■|  of  the  entire  gland.  It  is  of  a reddish  colour,  soft,  granular, 
and  friable,  and  contains  a number  of  little  round  dark-red 
spots,  which  indicate  the  position  of  certain  minute  bodies, 
named  the  Malpighian  corpuscles  of  the  kidney.  The  conical 
masses  of  the  medullary  substance,  from  fifteen  to  twenty  in 
number,  form  the  so-called  gvjramids  (Malpighi).  Their  bases, 
turned  towards  the  surface  of  the  kidneys,  and  also  therr  sides, 
are  encompassed  by  the  cortical  substance ; but  their  apices 
are  turned  towards  the  sinus,  in  the  interior  of  the  organ, 
where  they  form  little  eminences,  called  the  papilla  or 
mammilla;.  The  substance  of  the  pyramids,  is  firmer  and 
darker  than  the  cortical  substance,  and,  as  seen  on  a section,  is 
striated  from  apex  to  base,  the  latter  part  being  much  darker 
than  the  former. 

Outside  the  hilus,  the  ureter  presents  a funnel-shaped  dila- 
tation, or  membranous  cavity,  called  the  jjeZi/v's  of  the  kidney, 
which,  as  it  passes  into  the  sinus,  divides  into  three  tubes, 
named  the  infundibula-,  these  again  subdivide  into  from  seven  to 
thirteen  smaller,  also  funnel-shaped,  tubes,  called  the  calyces, 
which  surround,  or  embrace,  the  papiUee.  One  calyx  often 
includes  two,  or  even  three,  papiUffi,  so  that  they  are  usually 
fewer  in  number  than  the  latter. 

The  cortical  and  medrdlary  substances  are  both  composed 
of  minute  closely  packed  tubules  or  ducts,  the  tuhuli  uriniferi. 
with  bloodvessels,  absorbents,  and  nerves,  held  together  by  a 
soft  material  of  ill-defined  structure.  The  latter  is  described 
as  consisting  of  a very  fine,  scarcely  recognisable,  areolar  tissue 
or  stroma,  more  emdent  in  the  medullary  portion,  but  forming, 
at  the  sm-face  of  the  kidney,  a thin  layer  beneath  the  fibi'ous 
coat ; a parenchyma  is  also  described  by  some.  The  difterent 
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appearance  of  the  cortical  and  medullary  substances,  de- 
pends on  the  different  arrangement  of  their  ducts  and  blood- 
vessels. 

In  the  cortical  portion,  the  tubuli  uriniferi  are  very  nu- 
merous, much  convoluted,  and  inosculate  freely  with  each 
other ; they  are,  on  an  average,  about  -g-^th  of  an  inch  in 
diameter,  and  are  knnwn  as  the  tubes  of  Ferrein.  They  gene- 
rally commence  by  free  closed  extremities  ; sometimes,  how- 
ever, they  anastomose  together,  forming  loops  ; many  are  said 
to  begin  as  minute  purse-like  dilatations,  which  form  little 
partial  capsules  around  the  Malpighian  corpuscles  (Bowman) ; 
nearly  all  are  somewhere  connected  with  these  capsules. 
In  the  pyramids  or  medullary  substance,  the  tubuli  quickly 
unite  together  many  times,  dichotomously  or  by  twos,  and, 
becoming  larger  and  straight,  constitute  the  so-called  ducts  of 
Bellini ; these  form  tapering  bundles,  directed  to  the  papillas, 
or  apices,  of  the  pyramids,  on  which  they  open  by  minute 
round  orifices.  It  has  been  estimated  that  there  are  as  many 
as  two  millions  of  tubuli  in  each  kidney  ; that  the  number  of 
orifices  in  a square  line  of  a papiUa,  are  100  ; and  that  there 
are  from  300  to  500  on  the  surface  of  a single  papilla  (Krause) 
The  straight  tubuli  are  widest  near  their  orifices,  measuring 
from  TT^th  to  4-^th  of  an  inch ; they  cause  the  striated 
appearance  of  the  pyramids.  The  uriniferous  tubules  are 
composed  of  a transparent  basement  membrane,  lined  ■with  a 
thick  polygonal,  or  spheroidal,  glandular  epithelium,  which 
occupies  about  two-thirds  of  the  diameter  of  the  membranous 
tube.  The  ejjithelial  cells  have  very  delicate  walls,  a roundish 
nucleus,  fine  granular  albuminoid  contents,  and  occasional  fat, 
pigment,  and  other  particles.  This  epithelial  layer  is  con- 
tinuous with  that  covering  the  free  surface  of  the  papillse.  In 
the  coldblooded  Vertebrata,  it  is,  in  parts,  provided  with  cilia. 

The  Malpighian  corpuscles  of  the  cortical  substance,  are 
placed  either  at  the  fi’ee  closed  extremities  of  the  convoluted 
tubuli,  or  in  the  course  of  the  loops  which  these  occasionally 
form.  These  little  bodies,  the  glomeruli  of  Kuysch  (1660),  are 
spheroidal,  and  measure  about  T-g-g-th  of  an  inch  in  diameter. 
Each  is  composed  of  a rounded,  close  coil  of  minute  vessels, 
which  projects,  like  a little  ball,  into  one  of  the  capsules  of  the 
tubuli.  It  appears  that  a minute  branch  of  the  renal  artery, 
named  an  afferent  vessel,  reaches  each  Malpighian  body,  and, 
dividing  into  superficial  coiled  branches,  forms  a globular 
network ; from  the  centre  of  this,  an  efferent  vessel  arises,  and, 
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leaving  the  corpuscle,  forms,  with  the  efferent  vessels  from 
neighbouring  corpuscles,  a dense  vascular  plexus,  which  strr- 
rounds  the  contiguous  tubuli.  According  as  the  capsule  of 
the  Malpighian  corpuscle,  is  formed  at  the  commencement,  or 
on  the  side,  of  a tubule,  it  is  said  to  be  lateral  or  terminal. 
At  the  mouth  of  the  capsule,  the  spheroidal  epithelium  of  the 
tubule  loses  its  character;  for  within  the  capsule,  the  epithelium 
is  squamous  and  remarkably  thin.  It  is  said  by  some,  to  be 
continued  over  the  surface  of  the  Malpighian  corpuscle  which 
projects  into  the  capsule  (Gerlach,  Isaacs).  But  according 
to  Bowman,  the  corpuscle  lies  naked  in  the  capsule,  ■without 
any  such  covering,  the  afferent  and  efferent  vessels  being 
supposed  to  perforate  the  capsule.  These  vessels  enter  and 
pass  out  at  nearly  the  same  part  of  the  corpuscle,  which  is 
there  attached  to  its  capsule.  According  to  some  observer.s, 
the  efferent  vessel  is  alwaj's  narrower  than  the  afferent  one, 
and  hence  has  arisen  the  idea  that  the  blood  is  clrecked,  or 
held  back,  in  the  coiled  vessels  of  the  coi-puscle.  The  central 
vessels  of  the  corpuscle,  are,  by  some  physiologists,  regarded  as 
capillaries,  and  the  efferent  vessel  as  a vein,  which  then  breaks 
up  to  form  the  fine  plexus  around  the  adjoining  tubule — an 
arrangement  supposed  to  represent,  on  a very  minute  scale,  a 
renal  portal  system.  But  all  the  coiled  vessels,  and  even  the 
efferent  vessel  of  the  Malpighian  corpuscles,  are,  by  others, 
considered  to  be  arterial,  the  whole  forming  a microscopic  rete 
mirabile,  which  ultimately,  by  the  efferent  vessel,  ends  in  a 
true  capillary  network  around  the  tubules. 

The  renal  or  emulgent  artenes,  right  and  left,  spring  from 
rhe  sides  of  the  aorta ; they  are  short,  and  very  large  for  the 
size  of  the  kidneys,  being  out  of  proportion  to  the  mere 
nutritive  necessities  of  these  organs.  They  soon  divide  into 
four  or  five  branches,  which  pass  between  the  pjTamids,  and 
are  partly  disti-ibuted,  in  the  fonn  of  nutrient  vessels,  to  the 
cortical  and  medullary  substances,  and  to  the  common  coat  of 
the  kidney  ; but  they  chiefly  terminate  in  the  IMalpighian 
corpuscles,  or  in  the  fine  vascular  network  which  surrounds 
the  tubuli.  The  veins  accompany  the  arteries,  and  end.  for 
each  kidney,  in  a single  large  renal  or  emulgent  vein,  which 
joins  the  ascending  vena  cava.  The  lymphatics  are  numeroxis, 
and  consist  of  a superficial  and  deep  set.  The  renal  nerves 
are  small  but  numerous,  and  may  be  traced  even  on  to  the 
afferent  arteries  of  the  Malpighian  corpuscles  ; but  their  mode 
of  termination  is  unknown.  They  are  derived  from  the  sym- 
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pathetic  nerves  found  on  the  renal  artery,  and  from  the  lesser 
splanchnic  nerve. 

The  m-eter,  its  pelvis  and  calyces,  are  composed  of  an  ex- 
ternal fibro-elastic  coat,  continuous  with  the  proper  capsule  of 
the  kidney ; of  a muscular  layer,  which  consists  of  external 
longitudinal  and  internal  circular  fibres ; and  of  a mucorrs  coat, 
continued  on  to  the  papillse,  and  lined  with  a spheroidal 
epithelium.  The  ureters,  in  animals,  contract  slowly  on  the 
application  of  galvanism  or  other  stimuli  ; sometimes  they 
act  rhythmically.  Their  lower  ends  enter,  at  each  side,  the 
timdus  or  base  of  the  urinary  bladder,  penetrating  its  coats 
obliquely,  and  opening  into  it,  by  a narrow  elongated  orifice, 
so  guarded  by  muscular  bundles,  that  the  reflux  of  urine  into 
them  is  prevented. 

Action  of  the  Kidneys. 

The  purpose  of  the  enormous  number  of  uriniferous  tubes, 
is,  as  in  glands  generally,  to  increase  the-  extent  of  secreting 
or  excreting  surface,  within  a given  space.  It  has  been  calcu- 
lated that  the  total  amormt  of  surface  in  the  coiled  tubes  in 
each  kidney,  exceeds  forty -four  square  feet ; and  to  this  must 
be  added,  the  excreting  surface  of  the  straight  tubuli  as  well 
(Vierordt).  The  Malpighian  bodies  are  quite  peculiar  to  the 
kidneys,  these  little  vascular  coils,  projecting  into  a duct, 
having  no  resemblance  to  the  solid  sacs  which  bear  the  same 
name  in  the  ductless  gland,  the  spleen.  So  special  a structure 
has  doubtless  some  special  office.  Since  these  bodies  have  been 
shown  to  project  into  the  tubuli,  at  or  near  their  commence- 
ment, it  has  been  conjectured  that  they  separate  from  the 
blood  the  greater  part  of  the  water  of  the  urine,  and  that  then, 
the  inspissated  blood  which  passes  from  them  by  the  efferent 
vessel,  enters  the  vascular  plexus  around  the  tubuli,  and  yields 
to  the  spheroidal  epithelium,  the  proper  solid  constituents  of 
the  urine,  which  are  thence  excreted  into  the  tubules  them- 
selves, and  are  washed  away  out  of  those  canals,  by  the  watery 
exudation  descending  from  the  Malpighian  corpuscles.  The 
naked  condition  of  the  glomerulus,  and  the  squamous  character 
of  its  epithelium,  are  fitted  for  a simple  process  of  transudation ; 
whilst  the  spheroidal  epithelium  of  the  tubuli  is  adapted  to  a 
true  excreting  office,  though  the  walls  of  the  tubuli  must  like- 
wise excrete  a little  water.  It  is  impossible  to  deny,  more- 
over, that  the  glomeruli  have  also  a true  excreting  office.  It 
is  now  believed  to  be  certain,  that  all  the  blood  of  the  renal 
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arteries,  goes  through  these  Malpighian  corpuscles,  before  it 
reaches  the  tubules,  and  if  it  then  becomes  inspissated,  the 
blood  M’hich  circulates  around  the  tubules,  may  be  compared 
to  the  portal  blood  of  the  liver,  being,  as  it  tvere,  venous  blood 
highly  charged  with  materials  destined  to  be  separated  from  it. 
In  support  of  the  view  that  the  illalpighian  corpuscles  separate 
the  water,  it  has  been  urged  that  in  Birds  and  Eeptiles,  in 
which  the  urine  is  partly,  or  almost  entirely,  solid — though  in 
the  Amphibia  and  Fi.shes,  lower  in  the  scale,  it  is  again  fluid — 
these  bodies,  though  numerous,  are  remarkably  small.  iMore- 
over,  the  analogy  of  the  minute  vascular  arrangements  within 
the  kidney,  with  a portal  system,  is  thought  to  be  favoured 
by  the  fact  that,  in  Eeptiles,  a branch  from  the  hepatic  portal 
vein  is  distributed  to  the  kidney. 

That  some,  at  least,  of  the  peculiar  constituents  of  the  urine, 
of  which  luea,  luic  acid,  creatin,  and  creatinin  are  the  chief, 
exist  preformed  in  the  blood,  is  certain ; for  the  two  latter 
are  foimd  in  it,  in  considerable  quantity,  urea  in  smaller 
quantity,  and  uiic  acid  perhaps  only  as  an  exceptional  ingre- 
dient. It  has  been  suggested  that  the  urea  and  the  other 
crystalloids  present  in  the  inspissated  blood,  may  pass,  bv  swift 
dialysis,  into  the  aqueous  contents  of  the  tubuli  ; but  though 
these  substances,  and  urea  especially,  are  highly  dialysable, 
yet  such  a physical  explanation  of  their  separation  from  the 
blood,  would  not  account  for  their  special  appearance  in  the 
renal  excretion,  rather  than  in  any  other,  or,  for  the  quan- 
tity eliminated  from  the  system  in  a given  time,  considering 
how  minute  is  the  normal  proportion  of  urea,  and  how  much 
less  that  of  uric  acid,  in  the  blood.  It  is,  indeed,  impos- 
sible to  deny  that'  the  .spheroidal  epithelial  cells  of  the  tubes, 
have  a special  afBnity  for  the  proper  urinary  constituents ; or, 
and  this  may  be  of  more  moment  in  explaining  their  appear- 
ance in  the  urine,  that  some  of  these  substances  are  formed  by 
the  special  metamorphoses  of  other  materials  within  these  cells. 
In  the  former  case,  the  cells  would  merely  select  the  urinary 
constituents  from  the  blood,  and  transmit  them  into  the  tubuli : 
in  the  latter,  they  would,  in  addition,  be  the  seat  of  special 
chemical  decompositions.  In  the  first  case,  for  example,  they 
might  be  supposed  to  separate  pre-existing  urea  from  the 
blood,  but,  in  the  latter,  to  metamorphose  creatin  or  creatiniii 
into  ruea.  Indeed,  after  extirpation  of  the  kidneys — an 
operation  which  animals  will  outlive  a few  days — the  blood  is 
not  fotmd  to  contain  much  urea,  but  to  be  rich  in  nitrogenous 
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extractive  matters,  which  include  creatin  and  creatinin.  More- 
over, if  the  ureters  be  tied,  so  that  the  escape  of  the  urine 
from  the  excreting  structure  of  the  kidneys,  is  at  first  hindered, 
and  at  last  prevented,  urea  is  found  in  great  abundance  in  the 
blood,  as  if  its  formation  had  gone  on  in  the  spheroidal  epithe- 
lial cells,  and  it  had  been  duly  excreted,  but  then  reabsorbed, 
or  else  had  been  absorbed  from  those  cells  directly  into  the 
blood. 

It  is  further  supposed  that  the  smaller  relative  diameter  of 
the  efferent  vessels  of  the  glomeruli,  and  the  unusual  blood 
pressure  in  the  renal  arteries,  may  have  an  influence  in  the 
excretory  work  of  the  renal  apparatus.  By  some,  it  is 
thought,  that  a selective  or  metamorphic  power  of  the  cells,  is 
indicated  by  the  fact,  that  uric  acid  salts  are  actually  seen,  in 
the  cells  lining  the  straight  tubuli,  in  the  kidneys  of  Birds. 
Whilst  the  products  of  tlie  decomposition  of  the  tissues,  are 
passing  from  the  inspissated  blood  of  the  vascular  plexus  upon 
the  tubules,  into  the  epithelial  cells,  some  of  the  thin  watery 
fluid  witihn  the  tubes,  is  reabsorbed  by  those  vessels,  and  thus 
the  renal  blood  partly  regains  its  fluidity,  whilst  the  urine 
becomes  more  concentrated. 

Under  excessive  pressure  in  tlie  arterial  blood-columns  of 
the  kidneys,  as,  e.g.  when  the  aorta  is  tied  below  the  points 
of  origin  of  the  renal  arteries,  albumen  appears  in  the  urine. 
The  same  event  happens  from  obstruction  of  the  renal  ducts  or 
vessels,  or  from  the  pressure  of  tumours  upon  them.  This  is 
not  a dialytic  process,  albumen  being  a colloid  substance,  and 
difficult  to  dialyse ; but  it  is  probably  an  example  of  simple 
porous  diffusion  or  filtration.  In  acute  inflammatory  condi- 
tions, fibrinous  exudations  from  the  blood,  form  in  the  tubuli, 
and  appear  in  the  urine,  as  minute  coagula  or  casts. 

The  urine  excreted  into  the  tubuli,  urged  on  by  the  vis  a 
tergo  of  a constant  process  of  excretion,  escapes  fi-om  their 
orifices  into  the  calyces.  From  these,  it  descends  along  the 
infundibula,  the  pelves  of  the  kidneys,  and  the  ureters,  into  the 
bladder,  partly  by  gravity,  and  probably  partly  propelled  by 
the  rhythmic  peristaltic  actions  of  the  muscular  coat  of  those 
canals.  Accumulated  in  the  bladder,  it  becomes  further  con- 
centrated by  absorption  of  water,  and  is  mixed  with  mucus 
from  the  ducts  and  from  that  viscus. 

The  constancy  and  the  great  rapidity  of  the  excretion  of 
urine,  have  been  observed  in  cases  of  malformation,  known  as 
inversion  of  the  bladder,  in  which  the  lower  part  of  the  ab- 
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domen  and  the  anterior  portion  of  the  urinary  bladder  are 
defective,  so  that  the  fundus  of  this  organ,  into  which  the 
ureters  open,  is  exposed.  Under  ordinary  circumstances,  the 
urine  is  seen  to  flow  in  drops,  from  the  mouths  of  the  mreters  ; 
but,  after  drinking  freely,  it  runs  in  little  streams. 

The  urinary  excretion  is  aflfected,  both  in  quantity  and 
quality,  by  the  nervous  system.  Thus,  it  is  increased  in 
quantity,  and  lowered  in  quality,  by  hysteria,  fear,  and  other 
mental  emotions,  this  effect  being  probably  due  to  dilatation 
of  the  renal  arteries.  Injury  of  the  spinal  cord,  affects  the 
urine,  chiefly  causing  a great  development  of  carbonate  of  am- 
monia and  the  precipitation  of  phosphates,  owing,  it  appears,  to 
congestion  and  inflammation  of  the  bladder,  with  an  increased 
secretion  of  mucus  from  it.  Complete  removal  of  the  brain 
and  spinal  cord,  in  animals,  does  not  much  affect  this  excre- 
tion. 

The  walls  of  the  bladder  chiefly  consist  of  layers  of  un- 
striped muscular  fibres,  collected  into  bundles,  arranged  like 
figures  of  8,  on  the  front,  back,  and  sides  of  the  organ.  Some 
of  these,  surrounding  the  neck,  act  hke  a sphincter ; the  others 
form  detrusor,  or  expeUent  muscles.  The  act  of  emptying  the 
bladder,  requires  the  simultaneous  relaxation  of  the  one,  and 
the  contraction  of  the  other  set.  Tliese  are  usually  reflex  acts, 
excited  directly  by  the  accumulated  fluid,  or  by  some  irritation 
of  the  nervous  system.  The  act  of  expulsion  is  aided  by  the 
contraction  of  the  abdominal  walls. 


The  Urine. 

The  daily  quantity  of  fluid  excreted  by  the  kidneys  of  an 
adult  healthy  man,  varies  fr-om  30  oz.  to  80  oz. ; but,  on  an 
average,  it  has  been  estimated  at  about  50  oz.  This  quantity 
varies  according  to  the  amount  of  fluid  taken  in  the  food  and 
as  beverage,  the  activity  of  exhalation  by  the  skin  and  lungs, 
and  the  amount  excreted  by  the  intestinal  canal.  More  fluid 
is  excreted  by  the  kidneys  in  rvinter  than  in  summer,  the 
skin  being  less  active  in  the  former,  and  more  so  in  the  latter, 
season.  The  quantity  is  said  to  be  increased  under  higher 
barometric  pressure.  The  specific  gravity  of  the  urine,  diflers 
much,  not  merely  according  to  the  different  proportions,  but 
also  according  to  the  different  nature  of  its  solid  constituents; 
in  health,  it  may  range  from  1015  to  1030 ; usually,  however, 
it  deviates  only  slightly  from  1020.  The  mine  excreted  alter 
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drinking  much  water,  and  taking  little  or  no  food,  which  is 
named  urina  potus,  is  of  course  of  low  specific  gravity ; that 
after  eating  a full  meal,  is  of  high  specific  gravity,  and  is  called 
urina  cihi  vel  chyli',  whilst  after  complete  abstinence  from  both 
food  and  drink,  as  in  the  morning,  it  is  most  completely  satu- 
rated with  solid  constituents,  and  is  therefore  at  its  highest 
specific  gravity ; it  is  then  called  urina  sanguinis.  The 
amount  of  solid  constituents,  is  irrespective  of  that  of  the 
fluid,  and  depends  on  the  activity  of  the  metamorphosis  of  the 
tissues,  and  of  the  superabundant  food.  Its  usual  bright  amber 
colour  varies,  according  to  its  density,  from  that  of  a colourless 
fluid  to  a deep  yellowish  brown.  In  disease,  the  colour  and 
specific  gravity,  present  important  variations ; thus,  in  Bright’s 
disease  of  the  kidneys,  the  specific  gravity  may  be  as  low  as 
1003,  being  little  higher  than  that  of  water  ; its  proper  con- 
stituents are  then  deficient,  whilst  albumen,  derived  from  the 
plasma  of  the  blood,  is  present ; on  the  other  hand,  in  diabetes 
mellitus,  in  which  the  urine  contains  sugar,  the  specific  gravity 
may  be  as  high  as  1050.  The  peculiar  odoim  of  the  urine,  is 
strongly  developed  by  a heat  sufficient  to  produce  evaporation. 
The  natural  reaction  of  this  fluid,  is  acid,  but  after  digestion, 
and  especially  after  a vegetable  diet,  it  may  become'  alkaline  ; 
in  herbivorous  animals,  this  is  its  normal  character.  The 
cause  of  its  acidity,  will  be  discussed  after  its  chemical  compo- 
sition has  been  described.  From  a particular  kind  of  decom- 
position, known  as  the  acid  fermentation,  its  acidity  may  be 
increased,  after  it  has  been  excreted ; on  the  other  hand,  by  a 
decomposition  of  the  urea,  in  which  carbonate  of  ammonia  is 
generated,  it  may  acquire  a strong  alkaline  reaction  a few 
hours  after  its  excretion,  or  even,  in  certain  diseases,  whilst  it 
is  yet  retained  in  the  bladder.  In  such  a condition,  an  ab- 
normal deposit  of  phosphates  takes  place. 

Normal  urine  consists  of  water,  holding  a very  variable 
quantity — viz.  from  2 to  7 per  cent. — of  solid  substances,  of 
which  urea  is  the  chief ; besides  this,  there  are  uric  and  hip- 
puric  acids,  free  carbonic  acid,  often  lactic  acid,  occasionally 
oxalic  acid,  extractive  nitrogenous  matters,  partly  crystalhsable, 
such  as  creatin  and  creatinin,  xanthin,  phenyhc,  carbohc,  ben- 
zoic and  other  acids,  uncrystallisable  extractives  of  uncertain 
composition,  small  quantities  of  special  pigments,  traces  of 
fatty  matter,  numerous  salts,  such  as  sulphates,  phosphates  and 
chlorides  of  potash,  soda,  lime,  and  magnesia,  with  silica, 
mucus,  and  epithelium.  The  relative  proportions  of  its  various 
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solid  constituents  in  100  parts,  and  the  daily  average  quantity 
of  each,  excreted  for  every  1 lb.  weight  of  the  body,  in  a 
man  weighing  145  lbs.  avoirdupois,  are  shown  in  the  annexed 
Tables. 


Daily  quantity  for  \lb.  weight  of  body  substance,  in  a Man  of  Hblbs. 
weight  (Parkes). 

Water 2'9  drachms. 

Urea  ........  3'53  grains. 

Uric  acid -059  „ 

Hippuric  acid '237  „ 

Creatin  ........  ‘032  ,, 

Creatinin ’048  „ 

Colouring  matter,  and  other  extractives  . . 1'062  ,, 

Sulphuric  acid  . . . . . . '214  „ 

Phosphoric  acid "336  ,, 

Chlorine  ........  '870  „ 

Composition  of  100  parts  of  the  Solid  Constituents  (Lehmann). 
Urea  ........  49‘68 

Uric  acid 1-61  grains. 

Extractives;  Creatin,  Creatinin,  Hippuric  I oc.n- 
acid,  Saits  of  Ammonia,  Chloride  of  Sodium  J ^ » 

Alkaline  sulphates 11 '58  „ 

Alkaline  phosphates  .....  5’96  „ 

Phosphates  of  lime  and  magnesia  . . . P97  ,, 

The  water  of  the  daily  urine,  equals  about  one-half  of  that 
taken  into  the  stomach  ; supposing  the  total  quantity  of  the 


excretion  to  be  from  30  to  50  oz.,  the  water  would  be  from 
28  oz.  to  47  oz.  The  solid  constituents  amount  to  from  2 oz. 
to  3 oz.  in  the  twenty-fotir  hours. 

The  urea  is  by  far  the  most  important  and  characteristic 
substance,  amotmting  to  upwards  of  an  ounce,  or  half  the  solid 
constituents,  in  24  hours,  or,  according  to  some  estimates,  to  as 
much  as  500  grains.  Its  atomic  composition,  CH^NoO.  corre- 
sponds with  that  of  carbamide,  COH^Ng,  and  also  with  that 
of  1 atom  of  hydric  cyanate  of  ammonia,  viz.  CXOH-I-NH3. 
It  is  readily  transmutable,  by  the  absorption  of  the  elements 
of  two  atoms  of  water,  into  carbonate  of  ammonia,  one  atom 
of  which  contains  C03-|-2(NH^).  Urea  is  thus  obtained: 
evaporate  cautiously  a considerable  quantity  of  urine  to  the 
consistence  of  syrup ; to  this,  add  slowly  its  bulk  of  nitric 
acid,  when  certain  crystals  are  thrown  down,  which  are  nitrate 
of  urea ; dry  these  upon  a filter,  decolorise  them  bv  dis- 
solving them  in  water,  and  boiling  with  animal  charcoal,  and 
recrystallise ; once  more  dissolve  tlie  crystals,  and  now  sepa- 
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rate  the  nitric  acid,  by  means  of  carbonate  of  baryta.  On 
evaporating  the  solution,  a pasty  substance  is  left,  from  which 
alcohol  dissolves  out  the  urea,  and  the  filtered  solution  yields, 
on  evaporation,  pure  crystals  of  this  substance.  These  cry- 
stals are  long,  colourless,  foiu-sided  prisms,  extremely  soluble 
in  hot,  and  even  in  cold,  water ; hence  urea  never  enters  into 
the  composition  of  urinary  sediments  or  calculi.  It  dialyses 
most  actively.  It  is  neutral  in  its  reaction  to  test  paper ; but 
it  acts  as  a base,  combining  with  acids  to  form  definite  salts. 
As  hydric  cyanate  of  ammonia  is  identical  in  composition, 
crystalline  form,  and  chemical  properties,  with  urea,  and  as 
the  former  substance  can  be  made  in  the  laboratory,  it  affords 
an  example  of  the  imitation  of  an  organic  compound,  by 
artificial  means  (Wohler).  Urea  contains  46’7  per  cent,  of 
nitrogen,  together  with  20  per  cent,  of  carbon.  One  ounce, 
taken  as  the  ordinary  daily  excretion,  contains  about  220 
grains  of  nitrogen. 

The  sources  of  the  urea,  are  evidently  nitrogenous  organic 
compounds,  which  have  undergone  decomposition  by  partial 
oxidation.  It  constitutes  the  highest  product  of  oxidation  of 
the  albuminoid  and  gelatinoid  substances  in  the  body.  It 
is  derived,  partly  from  the  tissues,  but  partly  from  the  food, 
merely  assimilated  into  blood ; not,  as  was  at  one  time  sup- 
posed, from  the  tissues  only.  This  is  proved  by  many  facts. 
Thus,  the  urea  is  always  increased  after  meals,  especially  about 
three  or  four  hours  after  the  food  is  taken.  In  animals  fed  on 
too  little  nitrogenous  food  to  counterbalance  the  waste  of  the 
albuminoid  tissues,  more  urea  is  given  off  than  the  nitrogen 
in  the  food  would  form  ; when  the  waste  is  just  compensated 
for,  then  the  urea  is  equal  to  the  nitrogen  in  the  food ; lastly, 
when  an  excess  of  nitrogenous  food  is  given,  the  weight  of 
the  animal  increases,  and,  after  a time,  an  excess  of  urea  is 
eliminated.  Urea  is  still  excreted,  even  in  starving  animals, 
though  in  smaller  quaptity  than  usual ; it  is  increased  by 
feeding  them  on  a vegetable  diet  containing  nitrogen,  espe- 
cially on  bread  and  beans ; its  quantity  is  still  greater,  on  a 
mixed  vegetable  and  animal  diet,  but  it  is  greatest  of  all,  on  an 
exch^sively  animal  diet.  In  a dog  weighing  30  kilogrammes, 
the  daily  excretion  of  urea,  with  a pure  animal  diet,  varied 
from  150  to  180  grammes — that  is,  it  equalled  -g-^th  or 
of  the  weight  of  the  body.  In  Man,  with  an  exclusively  animal 
diet,  the  daily  quantity  excreted  was  found  by  Lehmann  to  be 
about  820  grains,  with  a mixed  diet  500  grains,  with  a vege- 
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table  diet  347  grains,  and  with  a completely  non-nitrogenous 
diet  237  grains.  The  researches  of  Dr.  E.  Smith,  confirm 
these  results,  and  further  show  that  an  animal  diet  increases 
the  excretion  of  carbonic  acid  from  the  lungs.  In  other  ex- 
periments, the  quantity  excreted  daily,  on  a superabundant 
animal  diet,  was;  found  to  be  nearly  3 oz. ; on  a moderately 
animal  diet  continued  for  ten  days,  from  1|-  to  2 oz. ; and 
after  a diet  of  sugar,  prolonged  for  four  days,  the  daily  quan- 
tity of  urea  was  rather  less  than  -g-  oz.  Not  only,  then,  is 
urea  formed  largely  from  the  food,  but  chiefly  so,  the  quan- 
tity derived  from  tlie  tissues,  as  above  sho^vn,  when  a non- 
nitrogenous  saccharine  diet  was  taken,  being  less  than  half  the 
ordinary  daily  amount.  Sometimes  even  more  is  eliminated 
during  a total  abstinence  from  food,  as  if,  in  the  latter  condi- 
tion, an  animal  maintained  its  temperature  by  waste  of  its 
nitrogenous  tissues. 

In  the  female,  from  her  smaller  frame,  her  less  active 
nutrient  metamorphoses,  and  the  smaller  quantity  of  food 
consumed,  the  daily  quantity  excreted  is  about  of  an  oz. 
Proportionally  to  the  weight  of  the  body,  it  is  less  abundantly 
formed  in  women ; but  children  up  to  seven  years  old,  excrete 
about  twice  as  much  urea,  proportionally,  as  adults,  and  in- 
fants more  than  childi-en  ; in  old  age,  the  relative  amount  is 
diminished.  The  effect  of  age,  depends  upon  the  diminished 
activity  of  the  nutritive  functions,  and  the  smaller  quantity  of 
the  food.  Exercise  was  formerly  believed  to  increase  the 
quantity  of  urea,  and  rest  to  have  the  opposite  eflfect ; but  re- 
cent observations  show  that  the  immediate  effect  of  exercise 
is  to  diminish  the  excretion  of  urea,  though  towards  the  end 
of  labour,  and  especially  in  the  period  of  rest  afterwards,  it 
is  greatly  increased.  Gelatin,  which  seems  never  to  be  di- 
rectly assimilated  by  the  tissues,  but  rather  to  save  them  from 
oxidation,  is  readily,  perhaps  directly,  converted  into  urea. 
Water,  especially  if  taken  with  food,  causes  an  increase  in  the 
ureal  excretion,  and  also  in  that  of  the  saline  constituents  of 
the  urine.  Diminished  temperature  and  increased  barometric 
pressure,  are  said  to  increase  the  quantity  of  urea.  In  most 
cases,  the  urea  is  not  eliminated  until  some  hours  after  its 
actual  formation  in  the  system,  or  imtil  the  determining  cause 
of  its  increase,  has  taken  effect.  The  quantity  excreted  is 
greater  during  the  day  than  in  the  night.  Common  salt,  phos- 
phoric acid,  theobromine,  urea  itself,  uric  acid,  and  cantha- 
rides,  are  found  to  increase  the  amount  of  urea  excreted,  whilst 
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tea,  but  especially  coffee,  alcohol,  turpentine,  and  digitalis, 
diminish  it.  It  is  remarkable  that  such  large  quantities  of 
nitrogen  and  carbon,  are  eliminated  from  the  system  in  the 
form  of  urea — a comparatively  inactive  chemical  substance ; 
whereas  carbonate  of  ammonia,  a compound  readily  produced 
from  the  elements  of  urea,  and  an  extremely  irritating  and 
noxious  substance,  is  not  formed  in  quantity,  in  the  ani- 
mal economy.  In  certain  diseases  of  the  kidneys,  the  urea 
is  not  excreted,  but,  the  blood  becoming  vitiated,  ursemic 
poisoning  occurs,  characterised  by  symptoms,  such  as  convul- 
sions and  coma,  referrible  to  the  nervous  centres,  and  often 
fatal.  It  was  formerly  supposed  that  the  urea  itself  is  the 
toxic  agent,  but  possibly  it  is  the  carbonate  of  ammonia  de- 
rived from  the  decomposition  of  the  urea.  In  these  cases, 
ammonia  is  found  in  the  breath,  and,  after  death,  in  the 
blood ; the  injection  of  that  substance  into  the  veins  of  an 
animal,  also  causes  similar  symptoms.  A dilute  solution  of 
urea,  to  which  a small  quantity  of  mucus  or  other  animal 
substance  is  added,  readily  ferments,  and,  evolving  a pungent 
odour,  forms  carbonate  of  ammonia ; this  kind  of  fermentation 
may  take  place  very  rapidly,  even  within  the  bladder.  The 
amount  of  urea  increases  in  all  those  diseases  which  are  ac- 
companied by  an  increase  of  tissue  change,  such  as  active 
inflammation  of  the  lungs,  or  of  the  membranes  of  the  brain, 
and  in  fevers  generally,  even  though  less  food  and  exercise  are 
taken  than  in  health.  In  fever,  the  quantity  has  been  found 
to  be  double  the  ordinary  amount,  viz.  1065  grains  daily ; in 
pysemia,  it  has  reached  1235  grains  (Vogel  and  Warnecke). 
During  recovery,  the  quantity  excreted  falls  for  a time,  al- 
though more  food  and  exercise  are  taken. 

U ric  acid  is  found  not  only  in  the  urine,  but  also  in  the  blood, 
and  in  most  organs  of  the  body.  It  contains  33'3  per  cent, 
of  nitrogen,  and  has  the  following  composition : 
it  is  therefore  regarded  as  resulting  from  a less  complete  oxida- 
tion of  the  nitrogenous  compounds  of  the  food  and  of  the  body, 
than  that  which  produces  urea.  The  formation  of  urea  in  the 
system,  is  supposed,  by  some,  to  be  normally  preceded  by  that 
of  uric  acid.  The  former  may  be  easily  produced  from  the 
latter,  by  processes  in  which  oxidation  forms  a part ; when  an 
alkaline  urate  is  digested  with  portions  of  liver,  at  a certain 
temperature,  urea  is  formed  at  the  expense  of  the  uric  acid. 
Animals  to  which  uric  acid  is  administered  with  the  food, 
excrete_  an  unusually  large  quantity  of  urea.  Some  of  the 
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products  of  the  metamorphosis  of  the  muscular  tissue,  such 
as  creatin,  xanthin,  and  sarcin,  have  affinities  with  uric  acid. 
Lastly,  in  a state  of  rest,  the  quantity  of  uric  acid  excreted, 
increases,  whilst  the  urea  ultimately  diminishes,  the  reverse 
being  the  case  from  exercise. 

The  quantity  of  uric  acid  excreted  daily,  has  been  esti- 
mated at  from  8^  to  15  grains;  but  this,  like  the  quantity  of 
urea,  varies  very  much,  most  markedly  according  to  the  amount 
of  nitrogenous  food  which  is  taken,  and  less  so  according  to 
the  age  and  sex.  Its  quantity  is  lessened  by  exercise.  With 
animal  diet,  its  quantity  is  said  to  be  4'5  grains,  and  with 
vegetable  diet,  only  about  L5  grain  daily  (Haughton.)  In 
the  urine,  it  is  either  combined  with  soda,  fotming  the  urate 
of  soda  which  is  held  in  solution,  or  else  it  is  dissolved 
by  the  alkaline  phosphate  of  soda.  Being  less  soluble  than 
its  salts,  uric  acid  is  quickly  precipitated  by  acids,  and  more- 
over, being  itself  less  soluble  in  cold  than  in  warm  water,  it 
is  commonly  precipitated  from  normal  urine  after  cooling. 
This  may  be  partly  from  the  diminished  solvent  power  of  the 
cooler  fluid,  and  partly  from  the  occurrence  of  the  lactic  acid 
fermentation.  Uric  acid  is  then  precipitated  and  deposited, 
either  in  an  amorphous  powder,  or  in  fine  crystals  of  pecu- 
liar forms,  often  tinged  with  colouring  matter.  The  crystals 
are  sometimes  little  flattened  rhomboids,  sometimes  they 
resemble  a coffin  or  a barrel,  and  sometimes  they  are  almost 
spherical.  It  forms  the  most  common  urinary  sediment,  and 
the  most  frequent  kind  of  renal  or  vesical  ctilculus  or  stone 
in  the  kidney  or  bladder.  Hence  it  is  also  named  Utliic  acid 
(/\(flo£,  a stone).  Urate  of  soda  constitutes  the  solid  urinary 
e.xcretion  of  Serpents,  and  is  also  present,  in  large  quantity,  in 
the  white  pasty  portions  of  the  dejecta  of  the  flesh  and  fish- 
eating Birds,  such  as  the  hawks  and  owls,  the  penguins  and 
other  sea-birds.  Hence  it  exists  in  large  quantity  in  guano. 
It  may  be  obtained  pure  fi-om  human  calculi,  or  from  the  solid 
excretion  of  the  serpent,  bv  dissolving  the  urate  in  those  sub- 
•stances,  in  a hot  solution  of  caustic  potash,  and  reprecipitating 
it  from  the  filtered  fluid,  by  means  of  another  acid.  The  pre- 
cipitate is  a white  powder,  composed  of  colourless  iliomboidal 
scales ; it  is  almost  insoluble  in  cold  water,  and  only  slightly  so 
in  hot,  and  is  absolutely  insoluble  in  alcohol  and  ether ; it  is 
soluble  in  alkaline  solutions,  and  very  readily  in  solutions  of 
lithia.  From  all  these  solutions,  it  is  immediately  repreci- 
pitated, even  by  feeble  acids.  Heated  nearly  to  dryness  with 
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nitric  acid,  uric  acid  turns  red,  and,  on  the  addition’  of  ammo- 
nia, a beautiful  purple  substance,  named  murexid.  is  formed,  a 
reaction  which  constitutes  a test  for  uric  acid.  The  fact  that 
uric  acid  is  a less  perfectly  oxidised  compound  than  urea,  ex- 
plains, perhaps,  its  formation  in  excess  under  certain  conditions, 
as,  e.  g.  when  the  quantity  of  tissue  metamorphosed,  or  the 
quantity  of  food  taken,  is  greater  than  the  supply  of  oxygen  can 
convert  into  urea,  as,  e.  g.  in  acute  inflammations,  rheumathm, 
and  goitt,  in  all  which  diseases,  large  quantities  of  uric  acid 
deposits,  or  of  urates,  are  thrown  down  from  the  urine,  which 
is  loaded  at  critical  periods,  after  the  climax  of  the  attack.  At 
the  onset  of  the  gout,  the  uric  acid  sometimes  nearly,  or  en- 
tirely, disappears  from  the  urine  ; it  may  then  be  detected  in 
tlie  blood.  The  gouty  concretions,  known  as  chalk-stones,  are 
composed  of  urate  of  soda,  with  traces  of  urate  of  lime.  When 
in  acute  inflammatory  disease,  the  uric  acid  is  increased,  the 
urea  is  simultaneously  diminished.  In  diseases  of  debility,  this 
acid  is  usually  diminished  in  quantity ; it  may  also  be  reduced 
by  a spare  diet,  the  avoidance  of  acids,  the  use  of  large  quan- 
tities of  water,  open-air  exercise,  so  as  to  ensure  the  perfect 
oxygenation  of  the  blood,  and  by  all  measures  tending  to 
increase  the  action  of  the  skin,  such  as  exertion,  friction,  baths, 
especially  hot-air  and  water  baths,  and  warm  climates.  The 
use  of  tobacco  augments  its  excretion,  whilst  quinine  and 
alcohol  lessen  it.  Alkalies  assist  in  its  excretion. 

Hipjmric  acid  {l-inroc,  a horse),  first  detected  in  the  urine  of 
the  horse,  is  also  constantly  present  in  human  urine,  sometimes 
amounting  to  as  much  as  15  grains  in  twenty-four  hours;  it 
has  often  been  overlooked  (Liebig).  It  crystallises  in  four-sided 
prisms,  and  has  the  atomic  composition,  C9H9NO3,  so  that  it 
is  neither  so  nitrogenous  nor  so  completely  an  oxidised  body 
as  urea  or  uric  acid,  but  contains  a larger  proportion  of  car- 
bon than  either  substance.  Benzoic  acid  and  other  benzoyl 
compounds,  also  oil  of  bitter  almonds,  and  succinic  and  other 
allied  acids,  when  taken  internally,  cause  an  excess  of  hip- 
puric  acid  in  the  urine  (lire).  To  explain  this,  it  has  been 
suggested  that  benzoic  acid,  C-HgOg,  combined  with  the  bile 
product,  glycocoll,  CgHgNOj,  is  equal  to  one  atom  of  hippuric 
acid,  and  one  atom  of  water.  The  source  of  the  hippuric  acid 
ordinarily  present,  is  not  yet  known.  Its  quantity  is  influenced 
by  the  character  of  the  diet,  and  by  the  amount  of  exercise ; 
it  is  increased  by  a purely^  vegetable  diet,  is  lessened  by  a 
mixed  diet,  and  is  diminished  still  more  remarkably  in 
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those  who  are  living  on  animal  food  only.  According  to  some, 
it  is  absent  in  persons  who  abstain  from  spices ; also  in  infants 
at  the  breast,  and  in  Herbivorous  animals  deprived  of  food. 
In  the  last  two  cases,  uric  acid  alone  is  produced,  in  the  one 
case,  from  the  milk,  and  in  the  other,  from  the  tissues  of  the 
animal  itself  (Ranke).  Hippuric  acid  is  not  only  found  in 
large  quantities  in  the  horse,  but  also  in  other  Herbivorous 
animals ; and  most  of  these  consume  grasses,  in  many  species 
of  Avhich,  certain  aromatic  principles  exist.  In  the  Carnh'ora, 
it  exists  in  minute  quantities.  Although,  most  probably, 
hippuric  acid  is  commonly  derived  from  certain  aromatic 
substances,  yet  it  has  been  shown  that  its  formation  from 
albuminoid  bodies,  is  qiute  possible  (Stadeler). 

Very  minute  quantities  of  benzoic  acid,  and  xanthin  or 
xanthic  oxide,  also  exist  in  the  urine,  Avith  traces  of  certain 
A'olatile  acids,  phenylic,  carbolic  and  taurilic,  on  which  the 
odour  of  this  fluid  may  depend. 

The  creatin  and  creatinin  found  in  the  urine,  are  both 
crystallisable  nitrogenous  bodies.  The  former  exists  in  small 
quantities,  the  latter  amounts  to  aboirt  15  grains  a day.  Crea- 
tinin C4H.N3O + 2(HO),  differs  from  creatin  C4H9N3O0  by 
one  atom  of  Avater.  They  are  obtained  by  precipitation  Avith 
salts  of  zinc,  and  by  the  subsequent  decomposition  of  the 
zinc  compounds.  Creatin  is  a neutral  substance,  incapable 
of  combining  either  with  acids  or  alkalies  ; but  creatinin 
is  a poAverful  base,  having  a strong  alkaline  reaction,  and 
forming  crystallisable  salts  Avith  acids.  Creatin  exists  in  large 
quantities  in  the  juice  of  muscle,  from  AA’hich  it  Avas  first  pre- 
pared by  Liebig.  Creatinin  is  present  only  in  small  quantity 
in  the  juice  of  flesh,  but  is  readily  formed  by  the  action  of 
strong  acids  upon  creatin.  Creatin  appears  to  be,  Avith  succinic 
acid,  a product  of  the  decomposition  of  syntonin,  Avhilst  crea- 
tinin results  from  still  further  decomposition ; from  its  basic 
nature,  it  approaches  in  character  to  urea,  into  which  sub- 
stance, and  sarcosin,  it  is  decomposed  by  the  action  of  baryta 
at  the  boiling-point.  Albumen  may  be  broken  up  artificially, 
by  the  action  of  powerful  acids  or  alkalies,  into  glycocoll, 
tyrosin,  and  leucin,  nitrogenous  bodies  intermediate  between 
it  and  urea.  By  the  action  of  caustic  alkalies  on  creatin,  urea 
is  formed,  Avh ether  through  the  previous  formation  of  creatinin 
is  not  certain.  Albumen,  creatin,  creatinin,  and  urea,  form, 
therefore,  a descending  series  of  nitrogenous  bodies.  Both 
creatin  and  creatinin  are  more  abundant  in  exercised  muscles. 
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and,  therefore,  -would  seem  to  be  products  of  muscular  action ; 
both  substances  are  present,  in  small  pi’oportions,  in  healthy 
blood,  from  which  they  are  excreted,  also  in  small  quantity, 
by  the  kidneys.  They  are  supposed  to  be  transformed  chiefly 
into  urea,  probably  through  the  agency  of  the  epithehal  cells 
of  the  uriniferous  tubes,  and,  thus  changed,  finally  enter  the 
urine.  Creatin  and  creatinin,  therefore,  are  compounds  pro- 
bably preformed  in  the  body,  i.  e.  in  the  muscles,  thence  enter- 
ing the  blood  by  venous  absorption ; they  are  excreted  from 
it,  in  minute  quantity,  in  their  proper  form,  but  chiefly  after 
conversion  into  urea.  They  are  the  principal  immediate 
source  of  the  last-named  substance,  which  is  even  associated 
with  them,  in  the  juice  of  the  flesh  of  certain  Cartilaginous 
Fishes  (Frerichs  and  Stadeler). 

The  colouring  substance  of  the  urine,  urinary  pigment  or 
uro-hsematin,  contains  iron,  and  is  separable  into  red,  blue,  and 
yellow  colouring  matters,  named  uro-rhodin,  uro-glaucin,  and 
uro-xanthin.  Their  nature  is  not  well  understood;  they 
exist  but  in  small  quantity,  and  are  very  prone  to  decom- 
position. According  to  some,  these  pigments  are  allied  to 
indigo,  and  its  derivatives,  indigo-red,  indigo-blue,  and  indi- 
can. The  blue  pigment,  or  uro-cyanide,  is  named  the  indigo 
of  urine. 

The  non-crystallisable  extractive  matters  of  the  urine,  exist 
in  large  quantities,  and  require  further  investigation ; they 
are  nitrogenous  bodies,  some  even  containing  sulphur  and 
phosphorus,  probably  derived  from  the  albuminoid  tissues; 
they  are  liable  to  decompose,  and  are  abundant  in  certain 
diseased  conditions. 

Traces  of  mucus  and  epithelium,  either  of  the  spheroidal 
glandular  kind  from  the  tubuli,  or  of  the  squamous  kind  from 
the  interior  of  the  bladder,  also  occur,  as  cloudy  deposits,  in 
this  excretion. 

There  are  also  several  non -nitrogenous,  hydro-carbona- 
ceous, or  carbonaceous  substances  in  urine.  Thus,  lactic  acid, 
CgHgOg,  occurs  occasionally,  as,  e.g.-  when  that  acid,  or  some 
of  its  salts,  are  present  in  large  quantity  in  the  blood,  owing  to 
feeble  conditions  of  the  respiratory  process,  or  to  defective 
oxidating  processes  in  the  blood.  By  Lehmann,  lactic  acid 
is  said  to  be  constantly  present,  and  to  be  the  cause  of  the 
acidity  of  the  urine ; but,  by  others,  this  is  supposed  to  depend 
upon  free  phosphoric  acid,  or,  on  an  acid  phosphate  of  soda, 
or  perhaps  upon  this  acid,  together  with  a minute  quantity 
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of  dissolved  iiric  acid  ; for  it  is  difficult  to  suppose  the  exist- 
ence of  free  lactic  acid,  so  long  as  any  alkaline  urates  are 
present,  and  these  latter  salts  may  always  be  obtained  by  the 
quick  evaporation,  in  vacuo,  of  perfectly  fresh  urine.  The 
acidity  of  the  urine,  gradually  chminishes  for  from  three  to 
five  hours  after  a meal,  and  sometimes  the  excretion  becomes 
actually  alkaline.  This  effect  occurs  simultaneously  with  the 
development  of  the  large  quantity  of  acid  in  the  gastric  juice 
poured  out  for  the  digestion  of  the  food ; whilst  the  return  of 
the  urine  to  its  acid  condition  during  fasting,  corresponds 
with  the  cessation  of  the  formation  of  acid  in  the  stomach. 
This  temporary  diminution  in  the  acidity  of  the  urine,  or  its 
positive  alkalinity,  is  most  marked  when  animal  food  is  taken, 
which  requires  more  acid  to  digest  it ; A\’ith  vegetable  food,  it 
is  less  so;  with  mixed  diet,  the  effects  are  intermediate 
(Roberts).  The  alkalinity  of  the  urine  after  a vegetable  diet, 
and  of  that  of  the  Herbivora  generally,  is  not  opposed  to  these 
observations,  and  has  another  explanation.  In  such  diet, 
large  quantities  of  neutral  alkaline  salts  of  the  vegetable  acids 
are  met  with,  which  are  converted  in  the  alimentary  canal,  or 
in  the  blood,  into  carbonates;  the  quantity  of  albuminoid 
food  or  tissue  metamorphosed, is  so  small,  as  not  to  }deld  enough 
sulphuric  and  phosphoric  acid,  to  neutralise  this  alkali.  The 
urine  is  also  often  alkaline  in  gastric  disorder.  In  the  Carni- 
vora, ammonia  acts  the  paid  of  a base  to  the  acids  of  the  urine, 
instead  of  the  fixed  alkalies. 

Oxalic  acid,  C2O3-I-H2O,  also  occurs  in  the  urine,  especially 
after  eating  fi-uit,  which  contains  organic  acids,  also  after  drink- 
ing fluids  containing  free  carbonic  acid,  and  lastly,  when  the 
respiratory  process  is  seriously  disturbed.  Any  condition 
which  tends  to  overload  the  blood  with  carbonic  acid,  favours 
the  appearance  of  oxalic  acid  in  the  urine ; in  children,  it  is 
a frequent  constituent,  and,  in  combination  with  lime,  forms 
the  comparatively  common  midheri'y  calculus.  Lastly^  car- 
bonic acid  itself  is  found  in  a state  of  solution,  in  the  quite 
recently  discharged  urine  of  both  IMan  and  animals.  Besides 
this,  the  urine  contains  nitrogen,  with  traces  of  oxygen,  and, 
but  only  as  a product  of  decomposition,  sulphuretted  hydrogen. 

Minute  traces  of  certain  Jats,  such  as  olein  and  stearin, 
occur  in  urine.  In  certain  cases,  a fatty  substance,  probably 
a mixture  of  ordinary  fats,  named  keistin,  appears  as  a scum 
upon  it ; and,  in  altered  conditions  of  the  kidneys,  large  quan- 
tities of  oily  matter,  rise  up  to  the  surface. 
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The  salts  found  in  the  urine,  average  about  1'8  part  per 
cent,  of  that  fluid,  though  they  vary  extremely  according  to 
the  character  of  the  food,  and  the  amount  of  fluid  ingesta  ; 
the  latter  increase  their  quantity.  Of  100  parts  of  these  salts, 
the  sulphates  form  45  parts,  the  phosphates  24,  and  the  chlo- 
rides 23,  the  residue  consisting  of  the  salts  of  the  organic  acids. 
The  chief  base  is  soda,  next  in  order  potash,  then  ammonia, 
magnesia,  lime,  and  lastly,  in  minute  quantities,  iron  and 
silica.  Whilst  most  of  these  salts  are  derived  directly  from 
the  materials  of  the  food,  others  undoubtedly  proceed  from  the 
metamorphoses  of  the  tissues ; but  even  these  are,  of  course, 
ultimately  derived  from  the  food.  The  sulphates  and  phos- 
phates of  the  alkalies,  originate  in  the  oxidation  of  the  sulphur 
and  phosphorus  belonging  to  the  albuminoid  substances  found 
especially  in  the  muscular  and  nervous  tissues ; the  quantity 
of  these  salts,  is  increased  by  exercise,  which  conduces  to 
changes  in  those  tissues.  The  earthy  phosphates  must  also  be 
ultimately  derived  from  the  food,  either  directly,  or  through 
tissue  changes ; their  quantity  appears  to  increase,  on  the  ad- 
ministration of  chloride  of  sodium.  The  chloride  of  sodium 
itself  varies  in  quantity,  according  to  the  amount  consumed 
with  the  food  ; one  office  of  the  kidneys,  is  to  regulate  the 
quantity  of  that  salt  retained  in  the  blood.  The  ammonia  of 
healthy  urine,  occurs  chiefly  in  the  triple  phosphate  of  ammo- 
nia and  magnesia ; it  is  an  ultimate  product  of  the  decom- 
position of  albuminoid  substances,  the  creatin,  creatiniu  and 
urea  being  probably  intermediate  stages. 

Under  certain  circumstances,  amorphous  or  crystallised  de- 
posits, or  sediments,  are  formed  in  the  urine ; and  sometimes, 
even  solid  concretions,  named  urinary  calculi  or  stones,  occur 
in  it  even  within  the  body. 

The  most  common  sediment  is  of  a yellowish  or  reddish 
hue,  and  consists  of  mixed  urates  and  uric  acid,  with  some  of 
the  colouring  principles  ; these,  being  less  soluble  in  cold  than 
in  hot  fluids,  may  be  precipitated  from  urine,  clear  at  the  time 
of  its  discharge  from  the  body.  When  ttirbidity  exists  at  the 
moment  of  discharge,  or  subsequently,  though  the  urine  be 
maintained  at  the  temperature  of  the  interior  of  the  body,  the 
condition  must  be  regarded  as  one  deviating  from  health.  But 
a uric  acid  sediment  may  be  caused  by  an  acid  fermentation 
of  the  urine,  often  associated  with  the  growth  of  penicillium. 
The  acid  then  formed,  usually  lactic  acid,  decomposes  the 
urates  in  solution,  and  uniting  with  their  base,  whether  soda 
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01’  ammonia,  precipitates  the  less  soluble  uric  acid.  The 
coloured  extractive  matters  may,  through  changes  produced 
iu  them  by  atmospheric  action,  increase  the  solvent  power  of 
the  fluid  for  the  urates,  and  so  prevent  their  precipitation  in 
the  process  of  cooling.  The  quantity  of  uric  acid  sediment, 
therefore,  does  not  necessarily  correspond  with  that  in  the 
urine  itself,  for  sometimes  it  may  be  precipitated,  though  ex- 
isting in  small  proportion,  and  sometimes  be  suspended,  though 
present  in  larger  quantity.  K the  uric  acid  compounds  be 
in  excess,  the  temperature  lowered,  and  a free  acid  be  formed, 
a deposit  is  sure  to  take  place.  In  hot  climates,  the  cutaneous 
excretion  is  very  active,  a quantity  of  acid  is  thus  removed 
from  the  system,  and  deposits  of  lithic  acid  are  accordingly 
rare.  Phosphatic  sediments  are  also  occasionally  met  with, 
owing  to  peculiar  decompositions  or  fermentations,  affecting 
the  urea,  which  is  then  converted  into  carbonate  of  ammonia ; 
by  this,  the  earthy  phosphates  are  precipitated,  as  ammoniacal 
magnesian  phosphate,  or  as  phosphate  of  lime.  This  alkaline 
fermentation  occurs  sooner  or  later,  at  certain  temperatures ; 
but  in  those  diseases,  in  which  the  urine  is  too  long  retained 
in  that  viscus,  and  also  in  inflammation  of  the  urinarv  mucous 
membrane,  it  sometimes  happens  in  the  bladder  itself.  This 
form  of  alkalinity  is  to  be  distinguished  from  that  which 
depends  on  the  presence  of  potash  or  soda ; in  the  latter  case, 
the  blue  colour  given  to  litmus  paper,  is  permanent ; whilst 
with  ammoniacal  urine,  it  is  fugitive,  owing  to  the  volatility 
of  ammonia.  The  alkaline  fermentation  is  probably  induced 
by  the  pus,  or  by  the  excess  of  mucus.  The  acid  fermentation 
is  also  believed  to  be  excited  by  the  mucus  of  the  bladder.  The 
abundant  sediments  formed  in  the  critical  stages  of  fevers  and 
gout,  are  of  the  uric  acid  type.  The  fine  iridescent  fihn,  fre- 
quently seen  on  the  surface  of  the  urine,  in  dyspeptic  and 
nervous  diseases,  consists  of  crystals  of  the  triple  phospate  of 
ammonia  and  magnesia.  Prolonged  mental  effort  is  said  to 
cause  an  increase  in  the  amount  of  phosphates ; but  this  is  not 
established  by  observation,  although  this  condition  does  occur 
in  diseases  of  the  nervous  centres.  The  known  existence  of 
phosphorus  in  the  fatty  matter  of  the  brain,  has  doubtless 
suggested  this  idea.  Other  morbid  sediments  consist  of  pus 
and  blood. 

The  concrete  deposits  named  calculi,  commence  by  the  col- 
lection of  some  crystallisable  substance,  around  accidental 
fibrinous  or  other  masses  which  may  be  minute,  and  ultimately 
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almost,  or  entirely,  disappear.  Upon  such  a centre  of  forma- 
tion or  nucleus,  successive  layers  of  crystallised  substance  are 
deposited  in  laminae  or  crusts,  cemented  together  by  traces  of 
mucus.  The  first  , layers  deposited,  often  differ  ffom  those 
which  follow,  and  sometimes  the  layers  alternate,  constituting 
a composite  calculus.  The  simplest  calculi  are  those  consisting 
of  a mixture  of  uric  acid  with  urates,  forming  the  uric  or 
lithic  acid  group  ; they  are  generally  oval,  somewhat  flattened, 
smooth,  or  slightly  rough,  yellowish,  and  hard.  The  oxalate 
of  lime  or  mulberry  calculi  are,  as  their-  name  implies,  roughly 
tuberculated,  and  brownish  or  black  in  colour ; they  are  very 
hard.  They  contain  some  colouring  substance  derived  firom 
the  blood.  The  phosphatic  calculi  are  either  smooth  on  the 
surface,  opaque-white,  or  white  and  semi-transparent,  or  else 
finely  crystalline,  light  and  soft,  so  as,  indeed,  to  be  easily  worn 
by  attrition,  when  two  or  more  coexist  in  the  bladder ; they 
offer  but  little  resistance  to  crushing  instruments.  They  are 
composed  of  the  triple  phosphate  of  ammonia  and  magnesia, 
combined  with  some  phosphate  of  lime.  Other  and  rarer 
forms  of  urinary  concretions,  are  the  carbonate  of  lime,  cystic 
oxide,  and  xaiithic  oxide  calculi. 

Many  articles  of  diet,  and  medicinal  agents,  pass  into  the 
urine  entirely  unchanged ; such  are  the  alkaline  chlorides, 
phosphates,  sulphates,  and  nitrates.  Of  these  salts,  chloride 
of  sodii;m  acts  especially  as  a stimitlant  to  all  the  processes  of 
tissue  metamorphosis,  and  herein  may  be  found  one  of  the 
chief  uses  of  this  universal  constituent  in  the  fluids  of  all 
animals.  The  carbonates  of  the  alkalies,  and  the  caustic 
alkalies,  produce,  however,  still  more  powerful  effects.  The 
vegetable  alkaloids,  as  quinine,  morphia,  and  strychnia,  cer- 
tain vegetable  colouring  substances,  such  as  saffron  and 
rhubarb,  and  many  odorous  substances,  as  turpentine,  garlic, 
assafoetida,  and  valerian,  likeAvise  pass  unchanged.  Nitric, 
phosphoric,  and  sulphuric  acids  also  escape,  combined  Avith 
appropriate  bases  derived  fi-om  the  blood ; sulphuric  acid  dis- 
places phosphoric,  and  this  latter  acid,  the  feebler  inorganic  and 
organic  acids.  Most  substances,  hoAvever,  undergo  a change 
before  they  enter  the  urine.  Thus,  the  organic  acids,  such 
as  lactic,  but  especially  tartaric,  citric,  malic,  racemic,  and  also 
acetic  acid,  and  their  salts,  do  not  reach  the  urine  as  such,  but, 
united  Avith  soda  or  potash,  they  are  converted  in  the  system, 
into  carbonates,  Avhich  enter  the  urine.  Hence,  the  alkaline 
condition  of  this  fluid,  caused  by  succulent  vegetable  diet,  and 
c c 2 
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the  alkaline  urine  of  the  Herbivora.  Again,  as  already  men- 
tioned, benzoic  acid  and  the  allied  cinnamic  acid,  are  first 
converted  into  hippui-ic  acid.  Organic  compounds  containing 
sulphur,  produce  sulphates  in  the  urine.  A great  number  of 
substances,  on  being  taken  into  the  stomach,  do  not  reappear 
in  the  urine,  such  as  ether,  thein,  caffein,  theobromin,  as- 
paragin,  amygdalin,  musk,  camphor,  and  certain  colouring 
matters,  such  as  cochineal  and  chlorophyll.  Alcohol,  though 
chiefly  decomposed  in  the  system,  may  partly  appear  in  the 
urine.  Of  the  metallic  salts,  such  as  arsenic  and  antimony, 
the  bases  of  which  can,  of  course,  undergo  no  change  in  the 
body,  some  appear  with  great  facility  in  the  urine ; Avhilst  other.s 
enter  that  fluid  with  difficulty,  or  only  in  minute  traces  even 
after  long  periods  of  administration;  such  are  gold,  silver, 
mercury,  lead,  bismuth,  zinc,  and  iron.  Alumina  is  absorbed 
with  difficulty,  or  not  at  all,  hence  it  does  not  appear  in  the 
urine. 

Water  is  eliminated  with  great  rapidity  from  the  kidneys. 
In  large  quantities,  as  alreadj'  stated,  it  causes,  by  stimulating 
the  excreting  poAver  of  the  uriniferous  tubes,  an  absolute  in- 
crease in  the  amount  of  urea  separated  from  the  body ; though 
relatively,  owing  to  its  dilution,  a given  quantity  of  urine 
contains  less  urea.  The  diminution  in  the  quantity  of  urea 
and  uric  acid  excreted  by  the  kidneys,  caused  by  many  agents, 
such  as  coffee,  tea,  alcohol,  and  tobacco,  articles  so  Avidely 
and  instinctively  adopted  by  mankind  as  dietetic  substances, 
has  been  explained,  by  supposing  that  they  interfere  AA'ith,  or 
retard,  the  metamorphoses  of  the  albuminoid  and  fatty  tissues, 
and  so  preserve  them  from  Avaste.  In  this  Avay,  when  taken 
in  moderation,  they  conseiwe  the  strength.  The  action  of 
creatin  and  creatinin,  so  abundant  in  beef-tea  and  beef-juice, 
may  be  similar.  Thein  and  cafi'ein  resemble  those  substances 
very  closely  in  composition. 

The  rapidity  Avith  AA'hich  Avater  and  substances  soluble  in  it, 
pass  into  the  urine,  after  being  taken  into  the  stomacli,  for- 
merly led  to  the  idea,  that  direct  channels  of  communication, 
passages,  or  ducts,  existed  betAveen  the  stomach  and  the 
kidneys,  or  some  other  part  of  the  urinary  apparatus,  ilany 
investigations  were  undertaken,  some  even  with  pretended 
success,  for  the  pm’pose  of  discoA'ering  such  passages.  Xo  sucli 
communications,  hoAvever,  exist.  Soluble  substances  pass  from 
the  stomach  into  the  cfrculation,  by  venous  absorp>tion,  and 
are  then,  after  traA  cr.'ing  the  lungs,  conveyed  by  the  renal 
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arteries  to  the  kidneys,  in  which,  by  porous  diffusion  or 
dialysis,  they  enter  the  uriniferous  tiibules,  and  so  reach  the 
urinary  passages.  The  rate  at  which  this  circuitous  route 
through  the  vascular  system,  from  the  stomach  to  the  kidneys, 
occurs,  is  adduced  as  one  pi-oof  of  the  rapidity  of  the  circulation 
of  the  blood  (p.  170).  When  the  stomach  is  empty,  after  long 
abstinence,  the  time  is  1 minute ; 4 hours  after  a meal,  it  is 
2 minutes;  1^  hour  after,  6-^  minutes;  1 hour  after,  14 
minutes;  and  25  minutes  after,  16  minutes.  If  the  test  sub- 
stance be  taken  with  the  food,  it  requires  40  minutes  for  it  to 
appear  in  the  urine  (Erichsen). 

The  affinity  of  certain  substances  for  the  living  tissues, 
influences  tlie  rate  of  their  passage  from  the  stomach  to  the 
kidneys,  saline  substances,  for  example,  passing  more  rapidly 
tlian  colouring  matters.  The  relative  diffusibility  of  the  sub- 
stances, may  also  modify  the  result.  Pigments  pass  but 
slowly,  indigo  and  madder  requiring  fifteen  minutes,  rhubarb 
and  biliary  pigments  twenty  minutes,  logwood  and  other 
colouring  matters,  twenty-five  minutes. 

It  has  been  seen  that  many  substances,  Avhich  are  formed 
in,  or  belong  to,  the  body,  are  liable  to  enter  the  urine,  viz. 
pus,  fatty  matters,  certain  biliary  products,  sugar,  inosite, 
leucin,  allantoin,  tyrosin,  sarcin,  hsematin,  fibrin,  and  albumen. 
If  bile  be  no  longer  separated  from  the  blood  in  the  liver, 
or  if  its  discharge  by  the  alimentary  canal,  be  prevented,  it 
may  appear  in  the  urine,  as  it  will  in  any  other  secretion  or 
excretion ; this  happens  in  certain  organic  diseases  of  the  liver. 
But,  in  the  more  common  form  of  jaundice,  the  bile  pigments 
onlij  pass  into  the  urine,  giving  it  a dark  colotrr.  The  sugar 
which  appears  in  the  urine  in  diabetes  (p.  340),  is  not  produced 
in  the  kidneys,  nor  does  its  presence  in  the  urine  necessarily 
imply  disease  of  those  organs ; a larger  quantity  than  usual 
being  present  in  the  blood,  it  escapes  through  the  excreting 
structure  of  the  kidneys.  Its  increased  amount  in  the  blood, 
depends  on  an  abnormal  action  of  the  liver,  or  on  the  imperfect 
oxidation  of  the  sugar  in  the  blood,  through  some  defect  in  the 
respiratory  process.  The  transitory  appearance  of  sugar  in 
the  urine,  is  not  of  much  consequence ; but  its  persistence  in 
diabetes,  is  serious.  A minute  trace  constantly  occurs  in 
healthy  urine,  though  it  escapes  ordinary  tests  (Briicke). 
The  presence  of  albumen  in  the  urine,  is  important,  especially 
if  persistent.  If  temporary,  it  indicates  pressure,  or  a great 
attenuation,  of  the  blood,  or  else  an  increased  pressure  on  the 
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blood  in  the  renal  arteries.  Thus,  drinking  enormous  quan- 
tities of  water,  has  been  known  to  produce  temporary  albu- 
minuria or  albuminous  urine  ; on  the  other  hand,  albumen  is 
sometimes  met  with  in  this  fluid,  after  indulgence  in  very  full 
meals,  or  in  cases  where  the  heart’s  action  is  materially 
increased,  or  again,  where  the  aorta  is  compressed  below  the 
renal  arteries,  or  from  renal  congestion  or  inflammation  pro- 
duced either  by  cold  applied  to  the  skin,  or  by  the  imdue  use 
of  diuretics  or  irritants,  such  as  the  Spanish  fly ; possibly,  also, 
by  division  of  the  renal  sympathetic  nerves  (&imer).  The 
occurrence  of  albuminoid  matter  after  full  meals,  may  be 
accounted  for,  by  the  probable  introduction  into  the  blood, 
under  those  circumstances,  of  more  or  less  albuminose,  which 
has  a higher  osmotic  tendency  than  albumen  itself ; when  in- 
jected into  the  veins,  it,  indeed,  appears  in  the  urine.  Again, 
hgature  of  the  aorta  below  the  renal  arteries,  in  animals, 
or  the  forcible  injection  of  blood  through  those  vessels, 
causes  an  artificial  albuminuria.  Persistent  albuminous  urine 
indicates  some  degeneration  of  the  excreting  tissues  of  the 
kidneys,  usually  consisting  of  the  so-called  granular  de- 
generation, or  “ Bright’s  disease,”  the  result  of  interstitial  de- 
posits of  an  albuminoid,  fatty,  or  amyloid  nature.  In  such 
cases,  the  lateral  pressure  of  the  blood  in  the  capillary  vessels 
of  the  kidneys,  is  increased,  either  by  the  obstruction  of  the 
circulation  through  them,  or  as  a result  of  the  non-performance 
of  the  ordinary  excreting  process.  Besides  the  albumen  of 
the  blood,  even  the  plastic  fibrinous  substance  may  exude 
into  the  uriniferous  tubules,  and,  becoming  coagulated  in  their 
interior,  form,  together  with  altered  epithelial  cells,  or  -with 
fatty  matter,  uric  acid,  blood  or  pus  coi-puscles,  little  cylindri- 
cal masses,  known  as  casts,  which  are  washed  out  of  the 
tubes,  and  are  easily  detected  in  the  urine  by  the  microscope. 
Sometimes,  the  casts  consist  only  of  basement  membrane. 
Bright’s  disease  may,  however,  exist  without  the  presence  of 
albumen,  in  the  urine. 

To  detect  bde  in  the  urine,  Pettenkofer’s  test  is  used 
(p.  76).  Sugar  is  detected  by  Trommer’s  copper  test  (p.  85). 
or  by  boiling  with  liquor  potass®,  which  causes  a deep  brown 
colour  when  sugar  is  present.  Albumen  is  detected  by  boilin2 
the  urine,  and  adding  a few  di-ops  of  nitric  acid,  to  make  sure 
that  the  urine  is  not  alkaline  ; cerUiin  precipitates,  caused  by 
heat,  are  then  dissolved,  but  an  albuminous  precipitate  remains, 
as  whitish  or  yellowish  flocculi  of  coagulated  albumen.  After 
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the  continued  administration  of  certain  metallic  poisons,  such 
as  arsenic  and  antimony,  their  detection  in  the  kidneys  or  liver, 
may  furnish  the  means  of  discovering  crime. 

As  the  blood  is  the  most  complex  fluid  proper  to  the  body, 
being  the  source  of  nourishment  to  the  tissues,  and  also  the 
medium  through  which  the  products  of  their  metamorphoses 
reach  the  excreting  glands,  so  the  urine  is  by  far  the  most 
complex  of  the  animal  excretions.  Its  peculiar  ingredients 
display  important  relations  to  the  gelatinoid  and  albuminoid 
principles  of  the  body  and  of  the  food,  the  metamorphoses  of 
which,  during  the  nutrition  of  the  muscular  and  nervous  sys- 
tems, constitute,  with  those  of  the  hydrocarbons  and  carbhy- 
drates  consumed  in  respiration  and  motion,  the  characteristic 
chemical  phenomena  of  animal  life.  They  especially  eliminate 
nitrogen,  but  also  a large  amount  of  carbon,  and  some  hydrogen. 
The  excretion  of  effete  nitrogenous  matters  by  the  kidneys,  may 
be  assisted  by  the  liver ; but  most  of  the  nitrogenous  fatty  acids 
of  the  bile,  are  reabsorbed.  It  is  by  the  kidneys,  that  these 
nitrogenous  products  of  metamorpho.sis,  are  constantly  being 
removed;  and  if  their  function  be  arrested,  grave  mischief 
ensues.  Ligature  of  the  ureters  is  followed  by  an  accumulation 
of  urea  in  the  blood ; removal  of  the  kidneys,  by  an  increase  of 
the  creatin  and  creatinin  in  the  blood,  and  also,  though  to  a 
less  extent,  of  urea,  which  is  found  in  the  serum  ; a urinous 
odour  appears  in  many  of  the  secretions.  In  the  uraniic 
poisoning,  which  depends  on  disease  of  the  kidneys,  the  urea, 
ceasing  to  be  excreted  through  them,  is  detectible,  in  large 
quantities,  in  the  perspiration,  and  also  in  the  vomited  matters. 
The  urea  itself,  or  the  carbonate  of  ammonia  resulting  from  its 
decomposition,  then  easily  detected  in  the  breath,  circulates 
through  the  brain  and  spinal  cord,  and  causes  imperfect  respira- 
tion, convulsions,  coma,  and  death. 


The  Kidneys  and  the  Urine  in  Animals. 

These  important  glands,  so  essential  to  the  animal  economy,  are  well 
developed  in  all  the  Vertebrata,  forming,  as  in  Man,  two  symmetrical 
organs  situated  at  the  back  of  the  abdomen.  In  Mammalia,  as  in  Man, 
the  kidneys  are  composed  of  an  external  cortical  substance,  consisting 
chiefly  of  convoluted  tubuli,  and  of  an  internal  medullary  substance  in 
which  the  tubuli  are  straight.  The  kidneys  of  many  Mammalia  exhibit 
the  typical  bean  shape,  but  they  are  often  more  rounded  than  in  Man,  as  in 
the  sheep,  pig,  and  dog.  They  are  sometimes  more  or  less  lobulated. 
In  the  ox,  the  kidney  is  sublobulated,  being  marked  by  fissures  between 
the  pyramids,  which  form  the  lobules,  remaining,  however,  united  beneath 
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the  divided  cortical  portion.  In  certain  Carnivora,  as  in  otters,  seals,  and 
hears,  the  pjTamids,  each  covered  by  its  o-wn  cortical  layer,  are  separated 
by  deeper  fissures,  into  which  even  the  capsule  of  the  kidney  penetrates, 
so  that  the  lobules  form  clusters  of  distinct  polyhedral  masses  attached  to 
the  separate  infundibula  of  a much  ramified  ureter.  The  kidney  is  most 
deeply  lobulated  in  the  Cetacea.  In  the  early  embrv'onie  condition  of 
this  organ  in  all  Mammalia,  the  lobulated  character  is  present:  in  the 
Cetacea  and  certain  Carnivora,  it  persists,  and  forms  the  so-called  com- 
pound kidney ; in  other  animals,  as  in  the  ox,  the  lobules  partly  coalesce  ; 
lastly,  in  the  sheep,  dog,  and  Man,  they  completely  unite,  as  develop- 
ment advances.  Indeed,  a lobulated  or  ramified  condition  seems  to  be 
a less  developed  form  of  many  glands  than  the  massive  shape,  as  is 
illustrated  by  the  liver,  pancreas,  spleen,  and  thymus  in  animals.  Lobu- 
lation of  the  lung,  however,  is  a sign  of  higher  development.  Subordinate' 
peculiarities  exist  as  to  the  mode  in  which  the  papillse  of  the  kidneys, 
are  connected  with  a simple  or  much  subdivided  ureter. 

In  Birds,  the  kidneys  no  longer  present  an  obvious  distinction  into  a 
cortical  and  medullary  substance,  and  the  gland  tissue  is  much  less  firm 
than  in  the  Mammalia.  In  Birds,  these  organs  are  of  considerable 
length,  occasionally  blended  together,  in  places,  across  the  middle  line; 
they  extend  from  the  posterior  border  of  the  lungs,  down  to  the  lower  end 
of  the  rectum,  and  are  moulded  into  recesses  in  the  bones  of  the  lower 
part  of  the  spinal  column.  The  kidneys  of  Birds  are,  therefore,  slightly 
lobulated.  The  uriniferous  tubuli  of  each  lobule,  are  arranged  in  bundles 
or  tufts,  which  end  in  the  outer  or  superficial  part,  by  dichotomous  tubes ; 
the  symmetrical  ureters  proceed  from  the  abdominal  surface  of  the 
glands,  receiving  the  uriniferous  tubules  directly,  without  the  formation 
of  infundibula,  or  of  a pelvis.  They  open  below,  in  the  upper  and  back 
part  of  a dilatation  found  at  the  lower  end  of  the  alimentary  canal, 
named  the  cloaca,  where  there  is  a sort  of  recess,  which  has  been  re- 
garded as  representing  an  imperfect  bladder. 

In  Eeptiles,  the  kidneys  are  very  large,  occupy  the  same  general 
position  as  in  Birds,  and  are  usually  of  great  length.  In  the  turtles, 
tortoises,  and  lizards,  they  are  sjunmetrical,  and  fixed  to  the  lumbar  and 
pelvic  regions  : but  in  Serpents,  the  right  kidney  is  placed  higher  than 
the  left,  as  if  for  convenience ; they  extend  along  the  greater  part  of 
their  elongated  and  flexible  spine.  The  kidneys  present  no  distinction 
of  cortical  and  medullary  substance  ; but  they  are  deeply  lobulated, 
and  loosely  connected  with  the  surrounding  parts.  The  ureters  are  long 
and  narrow,  and  end  in  a sort  of  cloaca.  The  iubuli  urituferi  are 
reduced  to  convoluted,  or  even  short  straight,  caecal  tubes,  arranged  in 
converging  bundles,  or  placed  transversely.  In  the  crocodile,  the  con- 
voluted tubuli  are  so  distinct  as  to  appear  like  a cortical  layer. 

In  Amphibia,  the  kidneys  are  flat  and  broad  at  their  hinder  end.  but 
become  very  narrow  at  their  anterior  part,  and  thus  show  an  approxi- 
mation to  their  form  in  Fishes.  Numerous  ducts  proceed  from  their 
inner  border,  to  a long  slender  ureter,  which  opens  into  the  cloaca. 

In  Fis/us,  the  kidneys  are  proportion.ally  large ; they  vary  in  shape 
in  different  species,  but,  as  a rule,  are  narrow  and  of  extreme  length,  being 
attached  beneath  the  bodies  of  the  vertebrae,  along  the  whole  or  the 
greater  part  of  the  abdominal  cavity,  above  the  air-bladder  when  that 
organ  exists.  There  is  no  distinction  of  cortical  and  medullary  sub- 
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stance,  and  tufts  of  slightly  tortuous  urinary  tubuli,  or  completely 
straight  csecal  tubes,  end  at  once  in  narrow  elongated  ureters,  which 
usually  open,  on  each  side,  into  the  cloacal  portion  of  the  rectum,  but 
which  sometimes  first  coalesce.  In  the  low  Myxinoid  fishes,  the  upper 
portion  of  the  kidneys  is  much  attenuated,  and  presents  a complete 
unfolding  of  the  gland  structure  ; the  tubuli,  instead  of  being  long  and 
.aggregated,  are  short,  distinct,  and  commence  by  little  dilatations,  into 
which  the  Malpighian  glomeruli  project.  In  the  amphioxus,  the  kidney 
has  not  been  distinctly  made  out,  though  it  is  probably  represented  by 
a narrow  gland-like  mass  placed  near  the  abdominal  pore. 

The  kidneys  in  Birds,  Eeptiles,  Amphibia,  and  Fishes,  may  be  con- 
sidered as  composed  entirely  of  cortical  substance ; they  invariably  con- 
tain Malpighian  corpuscles,  or  arterial  glomeridi,  which  are  usually 
scattered  through  the  gland;  and,  as  usual,  project  into  dilatations  of  the 
uriniferous  tubuli.  These  bodies  vary  in  size,  apparently  in  accordance 
with  the  size  of  the  animal,  as  well  as  in  different  Classes.  Thus  they  are 
larger,  i and  ^ of  an  inch  in  the  lion  and  horse,  than  in  Man, 
they  are  much  smaller  in  the  guinea-pig,  cat,  and  mouse,  ^ to  of  an 
inch;  they  are  small  in  Fishes,  and  Amphibia,  but  smallest  of 
all  in  Eeptiles,  5I0  pointed  renal  lobules  of  the  boa, 

they  are  smaller  in  the  narrow  than  in  the  wider  portions  of  each  lobule. 
In  the  simpler  kidneys  of  Fishes,  they  are  represented  by  small  vascular 
plexuses.  Cilia  are  found  in  the  uriniferous  tubuli  in  the  Cold-blooded 
Vertebrata ; they  commence  at  the  neck  of  the  capsules  into  which  the 
Malpighian  bodies  project,  and  extend  for  a short  distance  along  the 
tubuli,  sometimes  throughout  their  whole  length.  The  current  w’hich 
they  produce,  as  seen  after  death,  is  towards  the  orifices  of  the  tubules. 
Cilia  have  not  yet  been  distinctly  seen  in  Birds  or  Mammalia. 

In  Birds,  Eeptiles,  Amphibia,  and  Fishes,  the  renal  arteries,  instead 
of  being  two  in  number  as  in  Mammalia,  are  numerous,  and  are  derived 
from  adjacent  branches  of  the  aorta,  or  from  the  aorta  itself.  Besides 
this,  the  kidneys  in  these  Classes,  receive  more  or  less  venous  blood  from 
the  hinder  limbs  in  Birds  and  the  four-footed  Eeptiles  and  Amphibia,, 
and  from  the  hinder  parts  of  the  body  in  Ophidia,  and  in  Fishes.  The 
rest  of  the  blood  from  the  hinder  portion  of  the  body,  usually  passes 
partly  to  the  vena  cava,  and  partly  to  the  vena  port® ; in  Eeptiles, 
Amphibia,  and  most  Fishes,  it  goes  chiefly  to  the  latter;  in  a few  Fishes 
all  the  blood  from  the  hinder  part  of  the  body,  proceeds  to  the  kidneys. 

The  fact,  that  the  kidneys  in  Birds,  Eeptiles,  Amphibia,  and  Fishes, 
receive  a supply  of  venous  blood,  was  first  noticed  by  Bojanus,  but  the 
detailed  arrangement  of  the  afferent  veins-  was  fully  investigated  by 
Jacobson.  These  renal  portal  veins  become  more  numerous  in  the  lower 
Vertebrata,  After  entering  the  kidneys,  they  quickly  subdivide,  and  end 
in  the  vascular  plexuses  which  surroirnd  the  uriniferous  tubuli.  The 
Malpighian  bodies  still  receive  arterial  vessels  only,  but  give  off  efferent 
vessels  which  join  the  plexuses  ai’ound  the  tubuli.  In  the  lower  Verte- 
brata, accordingly,  the  special  urinary  products,  like  the  bile  products, 
are,  in  all  cases,  excreted  from  venous  blood ; and  the  small  quantity  of 
arterial  blood  which  enters  the  kidneys,  first  passes  through  the  vascular 
tufts  of  the  Malpighian  bodies,  and  so  becomes  modified,  before  it 
reaches  the  plexuses  around  the  proper  excreting  tubuli,  in  the  same 
manner  that  the  hepatic  arterial  blood  becomes  venous,  before  it  reaches 
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the  intra-lobular  plexuses  of  the  liver.  As  already  stated,  the  existence 
of  this  portal  arrangement  of  the  vessels  in  the  kidneys  of  Birds,  Eeptiles, 
Amphibia,  and  Fishes,  supports  the  view,  that  in  Mammalia,  also,  the 
renal  arterial  blood  becomes  venous  in  traversing  the  vessels  of  the 
glomeruli,  before  it  serves  for  the  excretion  of  urinary  constituent!. 
The  pasty  or  solid  character  of  the  urine  in  Serpents,  may  depend,  not 
only  on  the  small  size  of  the  glomeruli,  but  also  on  the  fact,  that 
these  animals  swallow  little  or  no  water. 

Excretory  glandular  organs,  having  the  function  of  kidneys,  exist  at 
least  in  the  higher  Non-vertebrate  animals;  but  owing  to  the  different 
plans  of  construction  in  these  Sub-kingdoms,  it  is  impossible  to  recognise 
much,  if  any,  resemblance  of  position  or  structure,  between  them  and 
the  renal  organs  even  of  the  lowest  Fishes.  But  the  unity  of  the  vito- 
chemical  processes  of  animal  life,  is  proved  by  the  detection  of  urinary 
products  in  some  of  these  excretory  organs  in  the  MoUusca,  Annulosa, 
and  Coelenterata.  Uric  acid  has  been  found  in  the  two  former  Classes, 
and  guanin  in  the  last. 

In  the  MoUusca,  the  organs  which  represent  kidneys,  are  not  connected 
by  ducts,  with  the  alimentary  canal.  In  the  Cephalopods,  remarkable 
spongy  masses  of  follicles,  exist  aroimd  the  large  branchial  veins,  and 
discharge  themselves,  by  numerous  apertures,  into  the  branchial  cavity : 
these  are  supposed  to  act  as  renal  emunctory  organs,  their  excreted  fluid 
containing  uric  acid.  In  the  Gasteropods,  a smaller  follicular  organ, 
also  containing  that  acid,  is  usually  found  in  the  neighbourhood  of  the 
heart,  and  its  ducts  open  near  the  intestinal  oriflce,  generaUy  into  the 
branchial  cavity.  In  the  Lamellibranchiata,  a similar  organ,  but.  in 
most  cases,  less  distinct,  is  also  fotmd  near  the  heart,  close  to  the  lower 
end  of  the  intestine,  opening  into  the  cavity  of  the  mantle.  In  the 
Molluscoida,  distinct  renal  organs  have  not  yet  been  recognised.  Amongst 
the  Annulosa,  the  Insecta,  Mtuiapoda,  and  Arachnida,  have  excretory 
organs  believed  to  be  renal,  consisting  of  long  tubes,  often  beginning 
by  clusters  or  tufts  of  vesicles  ; they  are  sometimes  few.  as  in  Mj-riapoda, 
sometimes  verj-  numerous,  as  in  the  higher  Insects.  As  in  the  Vertebrata, 
they  open  into  the  lower  part  of  the  intestine,  or  even  close  to  its 
orifice  ; sometimes  the  principal  duct  is  dilated  near  its  lower  end,  as  if 
to  form  a urinary  bladder.  The  coloured  fluid  discharged  by  the  lepi- 
doptera,  on  their  emerging  from  the  cltrysalis,  proceeds  from  thes  ’ 
vessels,  and  contains  uric  acid.  No  such  renal  organs  are  found  in  the 
Crustacea,  which  are  aquatic.  In  the  Annuloida,  in  which  they  are 
likewise  absent,  the  water-vessels  may  have  some  excretory  function, 
and  eliminate  urinary  products. 

In  certain  of  the  Cedenterata,  small  clusters  of  cells  projecting  into  the 
bodj"  cavity,  and  containing  guanin,  are  regarded  as  renal  organs ; but 
in  the  simplest  forms  of  these  animals,  the  excretion  of  the  products  of 
the  decomposition  of  albuminoid  substance,  is  probably  accomplished  by 
the  external  and  internal  surfaces  of  their  hollow  bodies. 

Lastly,  in  the  minute  Protozoa,  such  products  must  also  be  eliminated 
by  the  general  surface. 
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Special  Secretions  in  Animals. 

Certain  seeretions  or  excretions,  in  animals,  may  perhaps  be  regarded, 
not  merely  as  serring  a peculiar  purpose  in  the  economy,  but  also  as 
fulfilling  an  emunctory  office,  eliminating  from  the  system,  sxxhstanees 
■which  might  be  as  injurious  to  animal  life,  as  urea  and  'urio  acid. 
Amongst  such,  may  be  mentioned,  the  castor  of  the  beaver,  the  musk  of 
the  musk-deer,  the  peculiar  secretion  of  the  civet-cat,  and  those  of 
other  Mammalia,  also  the  venom  of  Serpents,  the  acrid  secretion  of  the 
skin  of  the  toad,  the  ink  of  the  cuttle-fish,  which  yields  the  sepia 
colour  used  by  painters,  the  poisons  of  the  stings  of  the  bee  and  the 
wasp,  the,  sugar  secreted  by  aphides,  the  odoriferous  excretions  of  the 
bugs  and  many  other  beetles,  the  poison  in  the  tail  of  the  scorpion  and 
the  mandibles  of  the  spider,  the  odoriferous  exudations  of  the  lumbriei, 
and  even  the  threads  of  the  sea-nettles.  Examples  of  special  secretion, 
are  also  met  ■with  in  those  glands  which,  in  many  caterpillars,  supply 
the  silk  used  in  progression  or  for  the  cocoons,  in  the  spinneret  glands 
of  the  Spiders,  the  cement  gland  of  the  Cirrhopods,  and  the  glandular 
structures  which  secrete  the  byssus  of  certain  Lamellibranehiata. 

However  different  and  specialised  may  be  the  actions  of  the  various 
glandular  organs  in  the  Animal  .Kingdom,  which  yield  such  widely  different 
products,  they  are  all  based  on  a common  plan  of  structure  and  function. 
Even  in  the  highest  animals,  and  in  Man,  their  physiological  relationship 
is  evidenced  by  an  occasional  tendency  to  a vicarious  action,  in  which 
one  gland  or  several  glands  take  on  the  suspended  function  of  another, 

THE  SKIN  AND  ITS  EXCRETIONS. 

By  means  of  its  sebaceous  and  sudoriferous  glands,  the  skin 
secretes  and  excretes  fatty  matter,  and  the  perspiration  or 
sweat.  Besides  this,  it  exhales  water  from  its  surface,  and 
throws  off  certain  quantities  of  carbonic  acid  gas. 

The  sebaceous  or  oily  matter,  formed  by  the  so-called  seba- 
ceous glands  (vol.  i.  p.  459  ; fig.  69,  a),  consists  of  a mixture  of 
olein,  saponified  fat,  cholesterin,  a small  quantity  of  an  unnamed 
albuminoid  substance,  and  a few  epidermic  cells.  Its  ashes 
abound  in  earthy  phosphates.  The  fat  is  either  derived  from 
the  fatty  matter  of  the  plasma  of  the  blood,  or  more  pro- 
bably from  the  metamorphosis  of  the  albuminoid  contents  of 
the  epidermic  cells  of  the  sebaceous  glands.  It  is  poured  out, 
partly  on  the  surface  of  the  skin,  but  more  commonly  into  the 
interior  of  the  hair  follicles,  even  into  the  most  minute  ones. 
In  contributes  to  soften  and  render  flexible  both  the  hairs  and 
the  skin,  and,  by  protecting  the  latter  from  the  action  of  water 
or  aqueous  solutions,  it  renders  the  skin  more  effectual  as 
a defensive  organ.  The  so-called  cen<?Hf/ioi<s  and  il/efiom  fare 
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glands  of  the  ear  and  eyelids,  may  be  regarded  as  special 
modifications  of  sebaceous  follicles. 

In  all  Quadrupeds  which  possess  hairs,  sebaceous  or  oil  glands  exist; 
the  glandules  Uropygii,  or  caudal  glands,  of  Birds,  suppljnng  the  fatty 
secretion  with  which  they  anoint  their  feathers,  are  highly  developed 
sebaceous  glands. 

The  epidermic  tissues  generally,  viz.  the  cuticle,  nails,  and 
hairs,  have  been  viewed  as  solid  excreted  substances.  When 
worn,  cut,  shed,  or  desquamated,  they  undoubtedly  rid  the 
economy  of  a large  amount  of  nitrogenous,  sulphurous,  and  fer- 
ruginous matter.  The  continual  loosening  of  epithelial  cells, 
from  the  gastro-pulmonary  cavities,  must  serve  a similar  office. 

The  sudoriferous,  sudoriparous,  or  sweat  glands  are  pre- 
sent, in  larger  or  smaller  numbers,  in  all  parts  of  the  skin. 
They  are  small,  rounded,  pinkish  bodies,  placed  immediately 
beneath  the  true  skin,  and  average  about  ^ of  a line  in 
diameter.  Each  sweat  gland  consists  of  a fine  tube,  closed  and 
coiled  up  into  a ball  at  its  deeper  end,  from  Avhich  a straight 
part  of  the  tube,  or  duct,  passes  up  through  the  cutis  and 
cuticle,  and  opens  by  a somewhat  widened  orifice  on  the 
surface.  When  the  cuticle  is  thick,  as  in  the  palms  and  .soles, 
this  tube  passes  through  it  in  a spiral  manner  (fig.  CG,  5,  6). 
The  whole  tube,  when  unroUed,  measru-es  about  \ of  an 
inch  in  length,  and  about  of  an  inch  in  width.  This 
tube  consists  of  an  outer  vascular  coat,  prolonged  from 
the  cutis,  and  of  an  epidermoid  lining,  continuous  with  the 
cuticle  ; the  spiral  portion  is  composed  of  the  latter  only.  Two 
coiled  tubes  may  unite  into  one  duct.  AVhen  a sweat  gland  is 
destroyed,  it  is  not  reproduced.  In  some  situations,  the  sweat 
glands  are  of  large  size,  as  in  the  axillae,  where  they 
measure  nearly  two  lines  in  diameter,  are  of  a darker  red  colour, 
are  composed  of  branched  tubes,  and  secrete  a thick,  exceed- 
ingly acrid,  and  odorous  fluid.  In  the  palms  and  soles,  the 
openings  of  the  sweat  glands,  the  so-called  pores  of  the  skin,  are 
found  on  the  papillary  ridges;  in  other  parts,  they  are  scattered 
over  the  surface.  The}'  are  most  nmnerous  on  the  palm  of  the 
hand,  where  2,800  orifices  are  found  on  a square  inch  : they 
are  fewest  on  the  back  of  the  neck  and  trunk.  Xon-striated 
mtiscular  fibres,  arranged  longitudinally,  exist  in  the  vascular 
coat  of  the  ducts  of  the  larger  sweat  glands  (Kolliker). 

The  perspiration,  or  sweat,  which  is  excreted  by  the  sudori- 
ferous or  sudatory  glands,  is  not  the  only  watery  exhalation 
from  the  skin  ; for  tvater  is  undoubtedly  exhaled  trom  the  in- 
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tegument  generally,  as  well  as  from  the  sweat  glands.  Tlie 
perspiration  is  said  to  be  insensible^  when  no  visible  moisture  is 
discernible  on  the  skin,  and  sensible,  when  it  is  so  discernible  ; 
but  there  is  no  real  difference  between  them;  in  the  former 
case,  the  fluid  part  evaporates  as  fast  as  it  exudes  from  the 
orifices  of  the  sweat  glands,  whilst,  in  the  latter,  it  remains 
for  a moment  or  so,  in  minute  transparent  colourless  drops. 

The  sweat  usually  contains  about  97 "5  of  water  and  2 .5 
of  solid  matter,  but  sometimes  less  than  1 per  cent,  of  the 
latter.  The  organic  constituents  are  little  more  than  half  of 
this,  and  are  composed  chiefly  of  fat,  which  is  probably  iilmost 
entirely  derived  from  an  admixture  of  the  secretion  of  the 
sebaceous  glands  ; but  the  palms  of  the  hands  and  the  soles  of 
the  feet,  are  more  or  less  greasy,  although  no  sebaceous  follicles 
exist  in  that  part  of  the  skin.  Besides  this,  the  -organic  matters 
of  the  perspiration,  contain  an  albuminoid  substance,  the 
nature  of  which  is  unknown,  and  acids,  which  give  it  an  acid 
reaction,  by  some  supposed  to  be  lactic  acid,  but  now  usually 
regarded  as  a mixtui-e  of  a peculiar  nitrogenous  acid,  named 
sudoric,  with  the  volatile  acetic,  metacetonic,  formic,  and 
butyric  acids,  together  with  tlie  fatty  caprylic  and  caproic 
acids.  Some  of  these  acids  are  combined  with  alkalies.  Al- 
most one-fourth  of  the  solid  matter,  is  urea,  the  total  daily 
quantity  having  been  estimated  at  about  150  grains,  which 
would  yield  about  seventy  grains  of  nitrogen.  This  urea  is 
easily  decomposed,  and  gives  rise  to  ammoniacal  salts,  such  as 
were  described  by  Berzelius,  for  no  ammonia  is  found  in  per- 
fectly fresh  perspiration.  The  inorganic  matters  are  chiefly  com- 
mon salt  and  chloride  of  potassium,  phosphate  of  soda,  and  traces 
of  earthy  phosphates,  and  iron.  On  burning  the  total  solids, 
some  sulphates  are  formed,  indicating  the  presence  of  sulphur 
in  some  combination,  probably  with  the  organic  matter.  A 
certain  quantity  of  epidermic  cells  and  extraneous  substances, 
also  occur  in  the  residue.  The  odour  of  the  per.spiration, 
depends  partly  on  the  volatile  acetic,  formic,  and  various  fatty 
acids,  but  also  perhaps  on  special,  b-ut  unknown,  volatile  odorous 
substances.  Some  of  the  odour  may  be  due  to  decomposing 
urea.  In  certain  diseases,  in  which  the  excretion  from  the 
kidneys  is  seriously  diminished,  or  altogether  suppressed,  as 
in  Bright’s  disease  and  cholera,  Avhen  the  urea  and  uric  acid 
are  retained  in  the  blood,  large  quantities  are  frequently  ex- 
creted by  the  skin,  probably  chiefly  by  the  sudoriferous  glands. 
Besides  the  above-named  substances,  alcohol  in  small  quantity, 
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sugar,  albumen,  biliary  matters,  and  other  substances,  have 
been  found  in  the  perspiration. 

The  uses  of  the  perspiration  are  two-fold ; first,  to  get  rid 
of  a certain  quantity  of  water  trom  the  system ; and  secondly, 
to  eliminate  from  the  body,  certain  special  products  of  chemical 
metamorphosis. 

Many  attempts  have  been  made  to  determine  the  average 
quantity  of  fiuid  exhaled  by  the  skin,  under  ordinary  circum- 
stances, in  twenty-four  hours,  and  the  variable  quantities 
■which  are  given  off  under  different  conditions.  In  the  earlier 
experiments,  the  losses,  by  exhalation  both  from  the  skin  and 
the  lungs,  were  confounded,  the  body  being  weighed  together 
with  the  food  and  drink  taken  in  twenty -fom-  hours ; at  the 
end  of  that  time,  the  weight  of  the  body  was  again  taken,  and 
also  that  of  the  intestinal  and  renal  excreta ; the  difference  in 
these  two  totals,  gave,  for  the  amount  of  cutaneous  and  pul- 
monary exhalation  together,  of  the  total  loss  of  weight  of 
the  body  (Santorini).  By  enveloping  the  body  in  an  im- 
permeable oil-silk  bag,  so  as  to  condense  and  retain  the  water 
of  the  cutaneous  exhalation,  it  was  found  that,  in  an  adidt, 
about  30  oz.  are  daily  exhaled  by  the  skin,  whilst  at  the 
same  time,  15  oz.  are  given  off  by  the  lungs,  making  a total 
daily  loss,  by  both  skin  and  lungs,  of  45  oz.  (Seguin).  The 
total  loss  has,  however,  been  estimated  at  45T  oz.  in  the 
autumn,  44  oz.  in  summer,  and  37  oz.  in  spring,  in  a person 
under  the  average  size  (Dr.  Dalton).  Other  estimates  give 
an  average  total  loss  of  57  oz.,  51  oz.  in  the  winter,  and  63  oz. 
in  the  summer. 

The  quantity  of  perspiration  exhaled  by  different  parts  of 
the  body,  differs  widely.  Its  general  quantity  is  infiuenced 
both  by  intrinsic  and  extrinsic  conditions ; thus  it  is  augmented 
by  increased  vascularity  of  the  skin,  by  a higher  temperature  of 
the  body,  by  a quicker  circulation,  and  therefore  by  exercise 
and  effort  generally.  Perspiration  may  also  be  induced  by 
additions  to  the  clothing  or  covering  of  the  body,  and  likewise 
by  breathing  in  a confined  space;  it  is  also  increased  by 
peculiar  conditions  of  the  nervous  system,  as  by  certain  de- 
pressing emotions,  and  sjmcope,  all  of  which  tend  to  relax  the 
skin  and  its  bloodvessels.  It  is,  on  the  other  hand,  diminished 
or  almost  entirely  arrested,  in  febrile  conditions  and  certain 
forms  of  excitement,  and,  it  is  said,  also  by  the  use  of  coffee. 
It  is  increased  by  taking  food  generally,  but  more  particularly 
after  dinner.  The  secretion  is  stated  to  be  most  active  about 
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noon,  and  least  so  in  early  morning.  It  is  also  augmented 
during  sleep. 

Of  the  external  conditions  which  modify  the  quantity  of 
the  perspiration,  by  far  the  most  important  are  the  tempera- 
ture and  hygrometric  condition  of  the  atmosphere.  Thus  in 
warm  air,  which  increases  the  activity  of  the  cutaneous  circu- 
lation, the  perspiration  is  increased,  whilst  cold  air  has  the 
opposite  effect ; again,  dry  air  increases  the  perspiration, 
whilst  damp  air  diminishes  it.  Simple  warmth  acts  by  in- 
creasing the  vascular  action  through  the  skin  ; whilst  dry- 
ness operates  by  maintaining  a constant  evaporation  from 
the  cutaneous  surface  ; on  the  other  hand,  cold  diminishes  the 
vascularity  of  the  skin,  and  dampness  of  the  air  impedes 
evaporation.  The  combination  of  moisture  Avith  heat,  how- 
ever, increases  the  exhalation  by  the  skin,  which  then  appears 
in  large  drops.  Motion  in  the  air,  whether  warm  or  cold,  dry 
or  moist,  increases  the  relative  amount  of  perspiration,  by 
carrying  it  off  more  quickly.  The  perspiration  is  said  to 
be  diminished  by  increased  atmospheric  pressure.  This  ex- 
cretion is  also  augmented  by  large  quantities  of  drinks, 
especially  when  taken  warm ; by  so-called  sudorific  medi- 
cines, such  as  nitre,  Dover’s  powder,  and  vinegar ; by  elec- 
tricity ; and  also  by  hot  baths,  Avhether  water-baths,  vapour- 
baths,  or  hot-air  baths,  especially  when,  as  in  the  Turkish 
and  Roman  baths,  firiction  and  shampooing  are  superadded. 
Certain  curious  local  sweatings  have  been  noticed,  affect- 
ing the  head  alone,  or  the  feet  and  hands,  or  even  one  side  of 
tire  face  only,  phenomena  which  probably  are  due  to  some  loss 
of  power  in  the  vasi-motor  nerves  of  the  arteries  of  those  parts, 
giving  rise  to  dilatation  of  the  vessels,  increased  vascularity, 
and  increased  secretion.  Suppression  of  the  cutaneous  exha- 
lation and  excretion,  is  more  or  less  dangerous,  causing  either 
local  internal  congestion  or  inflammation,  or  general  poison- 
ing of  the  blood  and  fever,  from  the  retention  of  effete  matters 
in  the  system.  Hence  the  ill  effects  of  sudden  cold,  or  chill  to 
the  surface,  especially  after  previous  overheating  of  the  body 
to  the  point  of  fatigue,  and  with  the  accumulation  of  effete 
substances  of  waste  in  it.  The  chief  use  of  this  copious  ex- 
halation of  water  from  the  skin,  as  will  be  explained  in  the 
Section  on  Animal  Heat,  is  that  of  regulating  the  temperature 
of  the  body,  under  variations  of  external  temperature. 

The  mutual  balance  between  the  respective  quantities  of 
the  renal  and  cutaneous  exhalations,  under  different  physical 
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conditions,  chiefly  those  relating  to  the  temperature  and  hygro- 
metric  condition  of  the  air,  is  shown  by  the  facts,  that  in  cold 
weather  the  skin  exhales  less,  and  the  kidneys  excrete  more 
fluid,  Avhilst  in  warm  weather  the  skin  eliminates  more  and 
the  kidneys  less.  The  skin  is  sometimes  said  to  regiilate  the 
quantity  of  fluid  given  off  by  the  kidneys,  and  the  quantitv 
of  fluid  left,  in  reserve,  in  the  blood  and  the  soft  tissues  gene- 
rally ; but  the  kidneys  should  rather  be  regarded  as  the  true 
regulators  in  this  matter.  The  skin  and  also  the  lungs  are  e.x- 
posed  to  external  influences  of  temperature,  and  to  the  relative 
hygrometric  state  of  the  air,  which  must  affect  the  quantity  of 
their  exhalations ; but  the  kidneys,  being  placed  in  uniform 
conditions,  are  sensitive  self-acting  regulators,  operating 
through  stimulation  of  the  vasi-motor  nerves,  which  govern 
the  state  of  the  arteries  and  vessels  of  the  glomeruli,  and  de- 
termine the  supply  of  blood.  In  certain  conditions,  moreover, 
the  renal  and  cutaneous  excretions,  instead  of  being  vicarious 
as  to  quantity,  are  simultaneously  increased  or  diminished. 

The  office  of  the  perspiration,  in  removing  effete  matter  from 
the  blood,  is,  in  the  first  place,  evident,  from  the  composition  of 
its  solid  constituents,  although  these  are  comparatively  scanty. 
Supposing  30  oz.  of  perspiration  to  be  the  daily  quantity  ex- 
creted, the  amoimt  of  urea  and  of  other  peculiar  solids  thus 
eliminated,  would  be  about  ^ oz. ; whilst  the  daily  quantity  of 
solid  urinary  products  amounts  to  from  2 oz.  to  3-g-  oz. 

As  an  organ  of  excretion,  however,  the  skin  further  elimi- 
nates carbonic  acid  gas.  The  skin,  indeed,  is  to  a slight  extent, 
even  in  Man,  a respiratory  membrane,  giving  off  carbonic 
acid,  and  actually  absorbing  oxygen.  The  quantity  of  carbonic 
acid  gas  exhaled  by  the  comparatively  dry  cutaneous  surfact; 
of  the  human  body,  is,  of  course,  relatively  to  that  given  off 
by  the  lungs,  very  much  less,  and  has  been  variously  esti- 
mated at  fi-om  ^ to  (Seharling),  at  (Scharling  and 
Hannover),  and  at  (Edward  Smith),  of  that  given  off  by 
the  proper  respiratory  organs,  the  lungs.  It  is  stated  that  in 
regard  to  the  skin,  a little  more  carbonic  acid  is  given  off  than 
oxygen  is  absorbed,  which  is  the  reverse  of  what  happens  in 
the  lungs ; but  the  estimation  of  the  quantity  of  oxygen  ab- 
sorbed, is  extremely  difficult.  The  same  remark  applies  tu 
the  nitrogen,  a minute  trace  of  which  is  said  also  to  be  taken 
up  by  the  skin.  The  activity  of  this  cutaneous  respiratory 
proce.'s,  as  it  must  be  called,  is  considerably  iucre<ased  bv 
exercise.  The  quantity  of  nitrogenous  matter  daily  removed  in 
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the  shape  of  desquamated  epidermic  cells,  is  said  to  be  about 
11  grains.  A partial  interference  with  the  excretory  function 
of  the  skin,  causes  headache,  lassitude,  and  febrile  reaction  ; a 
more  serious  disturbance,  by  over-exciting  the  kidneys,  will 
bring  on  temporary  albuminuria. 

The  preceding  facts  sufficiently  explain  the  high  importance 
of  cleanliness  of  the  skin,  for  the  preservation,  not  only  of 
comfort,  but  of  health.  Daily  ablutions  by  sponging,  and  the 
occasional  use  of  the  tepid  bath,  are  of  great  efficacy  in  the 
maintenance  of  a pure  condition  of  the  blood. 

The  Cutaneous  Excretion  in  Animals. 

The  sudoriferous  glands  of  the  higher  Vertebrata,  and  the  cutaneous 
glandular  organs  of  the  lower  Vertebrate,  and  Non-vertebrate  animals, 
have  been  already  described  (vol.  i.  p.  473). 

When  the  skin  of  a rabbit  is  shaved,  and  the  body  subsequently 
coated  over  with  varnish  impenetrable  to  water  and  gases,  death  ensues 
from  asphyxia  in  from  six  to  twelve  hours,  a condition  which  has  been 
named  ciitaneoiis  asphyxia.  The  s3'mptoms  are  depression,  difficultv- 
of  breathing,  lowering  of  the  temperature,  congestion  of  the  tissues  and 
organs  with  dark  blood,  and  ultimate  death.  The  arrest  of  cutaneous 
respiration  may  partly  account  for  this  form  of  death,  vith  accumulation 
of  carbonic  acid  in  the  blood  ; hut  doubtless  also,  it  depends  on  the 
shutting  in  of  peculiar  cutaneous  products.  The  fatal  result  can  searcelj' 
be  referred  to  the  non-exhalation  of  water.  In  the  soft-skinned  Am- 
phibia, the  entire  cutaneous  surface  exhales  carbonic  acid,  and  absorbs 
oxygen  ; in  the  frog,  for  example,  after  nemoval  of  the  lungs,  4 cubic 
inch  of  carbonic  acid  gas  has  been  excreted  from  the  skin,  in  eight 
hours  (BischofF).  This  experiment  is  performed  by  putting  the  animal, 
after  deprivation  of  its  lungs,  under  a glass  receiver  filled  with  air,  and 
placed  over  mercury  ; the  carbonic  acid  is  absorbed  by  lime  water,  and 
so  measured.  The  skin  of  the  frog,  which  is  moist  and  full  of  capillary 
vessels,  presents  conditions  favourable  to  the  solution  and  diffusion  of 
gases  in  contact  with  it,  by  a mechanism  to  be  explained  in  the  next 
Section.  Probably  nearly  as  much  carbonic  acid  is  eliminated  by  the  frog, 
from  its  cutaneous  surface,  as  from  its  comparatively-  simple  lungs. 

In  the  soft-skinned,  aquatic,  Non-vertebrato  animals,  the  integument 
is  often  an  adjuvant,  or  tlie  chief,  or  sole,  respiratory  surface,  being  for 
that  purpose  frequently'  ciliated. 


RESPIEATION. 

The  arterial  blood  in  passing  through  the  systemic  capil- 
laries, serves  the  purposes  of  nutrition,  stimulation,  secretion, 
and  excretion,  and  the  blood,  as  it  leaves  those  capillaries, 
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is  tainted  by  the  products  of  venous  absorption.  In  the 
various  clianges  which  it  undergoes,  the  arterial  blood  both 
loses  and  acquires  certain  substances,  and  so  becomes  venous. 
Thus  changed,  it  returns  to  the  heart,  and,  being  now  con- 
veyed through  the  pulmonary  capillaries,  is  there  rapidly 
restored  to  its  arterial  condition.  This  conversion  of  venous 
into  arterial  blood,  is  the  immediate  object  of  the  lespiratory 
process.  In  it,  oxygen  is  absorbed  by  the  blood,  whilst  car- 
bonic acid,  together  with  some  rvatery  vapour,  is  given  off. 
The  source  of  the  oxygen  is  the  atmosphere;  the  carbon  of 
the  carbonic  acid  is  derived  from  the  blood  and  tissues, 
themselves  supplied  by  the  food.  The  chemical  union  of  the 
oxygen  with  carbon,  and  also  with  hydrogen,  in  the  system, 
maintains  the  movements  and  the  temperature  of  th.e  body, 
and  is  the  source  of  its  nervous  po^rer  and  electricity. 

The  function  of  respiration,  therefore,  has  for  its  immediate 
effect,  the  purification  of  the  blood,  and  for  its  ultimate  uses, 
the  production  of  Animal  Heat,  IMotion,  and  Nervous  Energy. 

In  plants,  as  elsewhere  mentioned,  the  re.spiratory  process  is  re- 
versed. Under  the  action  of  light,  the  carbonic  acid  and  water  taken 
np,  partly  by  the  leares,  but  chiefly  by  the  roots,  are  decomposed  in  the 
leaves ; the  oxygen  is  liberated,  whilst  the  carbon  and  hydrogen,  with 
the  hydrogen  and  nitrogen  from  ammonia,  together  with  sulphur  and 
phosphorus,  combine  to  form  the  proximate  constituents  necessary  for 
the  food  and  fuel,  which  nourish  animals,  and  support  their  respiratory 
and  other  vital  processes. 

We  have  just  seen  that  the  skin  is  the  seat  of  a feeble 
respiratory  process,  consisting  of  an  interchange  of  oxygen  and 
carbonic  acid.  A small  amount  of  oxygen  may  al.so  be  ab- 
sorbed, and  of  carbonic  gas  exhaled,  at  the  mucous  surfices 
of  the  stomach  and  intestines ; for  atmospheric  air  is  swallowed, 
mixed  with  the  saliva  and  food,  and  dissolved  in  the  drink. 
But  in  animals  generally,  excepting  in  the  very  lowest,  special 
respiratory  organs,  often  consisting  of  a very  complicated  aj> 
paratus,  are  present. 

The  respiration  of  animals  is  performed,  sometimes  in  air 
and  sometimes  in  water,  the  former  being  termed  aerial,  and 
the  latter  aquatic,  respiration.  The  Mammalia,  including 
Jklau,  all  Birds,  Reptiles,  and  Amphibia,  amongst  the  Verte- 
brata,  the  Pulmo-gasteropods  belonging  to  the  iMollusca.  and 
the  Insecta,  Arachnida,  and  IMyriapoda  amongst  the  Amnilosa. 
are  aerial  breathers,  and  are  provided  either  with  complex 
hollow  organs  named  lungs,  -with  simpler  air  sacs,  or  else  with 
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minute  air-tubes,  or  tvachece,  all  these  organs  communicating 
directly  Avith  the  atmosphere.  A certain  number  of  the 
Amphibia,  all  the  Fishes,  the  iUollusca  generally,  except  the 
pulmonated  Gasteropoda,  all  the  Molluscoida,  the  Crustacea 
amongst  the  Anuulosa,  and  all  the  Annuloida,  Ccelenterata,  and 
Protozoa  are  aquatic  breathers,  and  are  provided  either  AA'ith 
projecting  organs  named  branchiae  or  gilts,  sometimes  external, 
but  more  commonly  concealed,  or  Avith  internal  ciliated  sacs  or 
canals,  or  Avith  external  ciliated  qrrocesses,  discs,  or  surfaces, 
alAA'ays  in  contact  AAUth  leater. 

In  aerial  respiration,  the  source  of  the  oxygen  taken  into 
the  body,  is  the  atmosphere,  into  AAdiich  the  carbonic  acid  is 
given  off.  In  aquatic  respiration,  although  the  breathing  is 
subaqueous,  so  that  the  oxygen  is  taken  up  ifom,  and  the 
carbonic  acid  given  off  into,  the  Avater,  still  the  ultimate  source 
of  the  oxygen,  is  the  atmospheric  air  dissolved  in  that  medium. 
The  sohmnt  poAver  of  AAmter  for  air,  is  very  great,  and  oAving 
to  the  greater  solubility  of  oxygen  than  of  nitrogen  in  Avater, 
the  air  held  in  solution  in  this  fluid,  contains  an  unusual  pro- 
portion of  oxygen. 

The  great  importance  of  the  function  of  resjDiration  to 
animal  life,  is  shoAvu  by  the  fact  that  its  interruption,  by  me- 
chanical or  chemical  interference  AAuth  the  respiratory  organs, 
is  speedily  folloAved  by  death.  Air-breathing  animals  are 
quickly  suffocated  by  strangulation,  by  immersion  in  Avater, 
by  placing  them  under  the  receiver  of  an  air-pump  and  then 
exhausting  it,  by  giving  them  only  a limited  supply  of  air, 
or  by  making  them  breathe  gases  not  containing  free  oxygen. 
Aquatic  breathers  are  as  quickly  destroyed,  if  the  fluid  by 
Avhich  they  are  surrounded,  has  been  deprived  of  air  by  boiling, 
or  by  placing  it  under  the  receiver  of  an  air-pump,  and  then 
exhausting  it. 

In  studying  the  respiration  of  Man,  and  the  IMammalia 
generally,  Ave  have  to  consider  the  structure  of  the  organs  of 
respiration,  i.e.  of  the  thorax  and  its  muscles,  the  air-passages, 
and  the  lungs ; the  mechanism  of  respiration,  or  the  respiratory 
movements  by  Avhich  air  is  alternately  draAvn  into,  and  expelled 
Ifom,  the  body  ; the  movement  of  the  air  in  respiration,  and 
the  capacity  of  the  lungs ; the  changes  Avhich  the  air  undergoes 
during  respiration ; the  changes  produced  by  this  process  upon 
the  blood  and  the  tissues ; the  circumstauces  Avhich  modify 
the  respiratory  intei'changes,  including  the  phenomena  of 
asphyxia,  and  the  effects  of  breathing  bad  air ; and  lastly,  the 
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organs  and  functions  of  respiration  in  animals.  Aftem’ards  it 
will  be  necessary  to  consider  the  phenomena  of  Animal  Heat, 
Light,  and  Electricity ; and  to  discuss,  in  a separate  Section, 
the  interesting  cpiestions  relating  to  the  D}'namics  of  the 
Animal  Economy. 

THE  ORGANS  OF  EESPIRATIOX. 

The  Thorax. 

The  thorax  (vol.  i.  p.  27 ; figs.  10,  13,  14)  is  an  osseo- 
cartilaginous  framework  filled  in  with  soft  tissues,  which 
contains  and  protects  the  central  organs  of  respiration  and 
circulation.  It  corresponds  with  the  dorsal  region  of  the  spine. 
In  front,  it  is  formed  by  the  sternum  and  the  cartilages  and 
anterior  parts  of  the  ribs ; behind,  by  the  dor.sal  vertebrae  and 
posterior  portions  of  the  ribs ; and,  at  the  sides,  by  the  re- 
mainder of  the  I’ibs.  Between  these  solid  parts,  are  the  inter- 
costal muscles,  which  are  overlaid,  in  parts,  by  other  muscles. 

The  cavity  of  the  thorax  is  conical,  being  naiTow  above  and 
broad  below.  Its  upper  opening,  enclosed  between  the  first 
dorsal  vertebra,  the  first  ribs,  and  the  top  of  the  sternum,  is 
wider  transversely  than  from  front  to  back  ; its  plane  inclines 
downwards  and  forwards.  The  lower  opening,  bounded  by  the 
ensiform  cartilage,  the  last  dorsal  vertebra,  and  the  lower  ribs 
or  their  cartilages,  is  much  larger  than  the  upper  one.  It  is 
also  wider  from  side  to  side  than  fi-om  front  to  back,  but  its 
plane  inclines  downwards  and  backwards,  so  that  the  thoracic 
cavity  is  much  deeper  behind  than  in  front. 

The  upper  opening  transmits — be.sides  certain  muscles  of 
the  neck,  the  large  bloodvessels  of  the  head  and  upper  limbs, 
numerous  nerves  and  lymphatics,  the  thoracic  duct,  and  the 
oesophagus — the  principal  air-tube,  the  trachea,  or  windpipe, 
which  leads  to  the  lungs ; the  summits  of  the  two  lungs,  ascend 
beyond  this  opening.  The  lower  opening  is  closed  bv  the  mus- 
culo-tendinous,  movable  sti'ucture, named  the  diaphragm, which 
is  itself  arched,  and  reaches  higher  up  on  the  right  side  ; this 
opening  transmits  the  cesophagus,  the  great  vessels,  the  thoracic 
duct,  and  the  vagi  and  certain  sympathetic  nerves. 

The  Air  Passages. 

The  nose,  pharynx,  and  larynx  have  already  been  described. 
The  trachea,  or  windpi^^e,  jdaced  in  the  middle  line,  descends 
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from  the  larynx,  on  a level  with  the  fifth  cervical  vertebra,  to 
opposite  the  third  dorsal  vertebra,  where  it  divides  into  two 
smaller  air-tubes,  named  the  bronchi,  one  for  each  lung.  The 
trachea  (fig.  110,  l)  is  about  inches  in  length,  and  from  ^ to 
1 inch  in  width ; it  is  wider  in  the  male  than  in  the  female. 
Its  anterior  surface  and  sides  are  convex  ; its  posterior  surface 
is  flattened.  It  is  overlapped  at  its  upper  part,  in  front  and  at 
the  sides,  by  the  isthmus  and  lobes  of  the  thyroid  body ; it 


Fis.  no.  Air-tubes  of  the  hum.in  lungs,  dissected  out,  and  seen  from  the 
front.  1,  trachea  or  windpipe.  2,  the  right  and  left  bronchi,  the  right 
being  the  wider,  the  left  the  longer  of  the  two.  3,  outline  of  the  left 
lung  collapsed.  4,  bronchia,  or  bronchial  tubes  in  the  lung,  cut  short. 

5,  transverse  section  of  a portion  of  the  trachea,  shelving  the  incomplete 
C— shaped  rings,  with  the  flat  membranous  part  behind. 

is  also  covered  by  certain  muscles  and  vessels  of  the  neck,  and 
is  concealed,  lower  down,  by  the  upper  part  of  the  sternum 
and  by  the  remains  of  the  thymus  gland.  In  the  thorax,  the 
large  bloodvessels  are  in  front  of  it,  but  in  the  neck,  it  is 
placed  between  them.  Behind,  its  flattened  surface  rests  on 
the  oesophagus,  by  Avhich  it  is  separated  from  the  spinal  column. 
Its  lower  thoracic  portion  is  placed  in  the  space  known  as  the 
posterior  mediastinum,  situated  between  the  lungs. 
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The  trachea  is  composed  of  from  sixteen  to  twenty  indepen- 
dent, transverse,  incomplete  hoops  or  rings  of  cartilage,  held 
together  by  an  intermediate  fibrous  coat,  within  which  are 
muscular  and  elastic  fibres  and  a mucous  lining  membrane. 

The  cartilages  are  fiattened  bands,  incomplete  behind,  each 
being  shaped  like  the  letter  C (fig.  110,  5),  with  its  open  part 
turned  backwards.  The  first  cartilage,  which  is  su.spended  to 
the  cricoid  cartilage  of  the  larynx,  is  the  broadest;  the  las«t 
cartilage  is  V-shaped.  The  fibrous  coat  not  only  connects  the 
cartilages  together,  but  covers  both  their  outer  and  inner  sur- 
faces; behind,  where  the  cartilages  are  absent,  this  membrane 
is  continuous.  An  e.xternal  la3'er  of  longitudinal  unstriped 
mttscular  fibres,  is  found  connected  with  the  fibrous  membrane 
and  with  the  cartilages;  whilst  an  inner  transverse  set  e.xtends 
between  the  ends  of  the  cartilages.  Bundles  of  elastic  fibres 
are  placed  immediately  beneath  the  mucous  membrane  ; at 
the  posterior  flat  membranous  part  of  the  tube,  they  are  seen 
as  j'ellow  longitudinal  bands.  The  mucous  membrane,  con- 
tinuous with  that  of  the  larynx  and  bronchi,  has  a columnar 
cilitated  epithelium.  Atunerous  tracheal  mucous  glands  are 
found  embedded  in  the  walls  of  the  tube,  especially'  at  its 
back  part.  Its  nerves  are  derived  from  the  pneumo-gastrics 
and  the  sympathetic. 

The  j'iglit  broncJnts  measures  about  1 inch  in  length;  it  is 
wider,  and  has  a more  horizontal  direction,  than  the  left 
bronchus;  it  enters  the  root  of  the  right  lung,  opposite  the 
fourth  dorsal  vertebra.  The  left  bronchus  is  about  twice  as 
long  as  the  right  one ; it  is,  however,  narrower,  and  passes 
obliquely  dortTiward  beneath  the  arch  of  the  aorta,  and  in  front 
of  the  oesophagus,  thoracic  duct  and  descending  aorta,  to  enter 
the  root  of  the  left  lung,  opposite  the  fifth  dorsal  vertebra. 

The  structure  of  the  bronchi  is  similar  to  that  of  the  trachea : 
in  front  and  at  the  sides,  they  are  convex,  and  strengthened 
with  incomplete  hoops  of  cartilage,  but  behind,  they  are  flat, 
membranous,  and  muscular.  The  cartilages  are  narrower  and 
shorter  than  those  of  the  trachea ; in  the  right  bronchus,  there 
are  from  six  to  eight,  and  in  the  left,  from  nine  to  twelve. 

The  Lungs. 

The  lungs,  fig.  13,  I,  /,  are  two  in  number,  and  occupy,  com- 
pleteJg  and  accuratehi,  the  lateral  or  pleural  chambers  of  the 
thorax,  one  on  each  side  of  the  pericardiitm  and  heart,  h.  Each 
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lung  is  free  in  all  directions,  except  at  a part  of  its  inner 
surface,  which  is  connected,  by  means  of  the  bronchi  and  tlie 
pulmonary  arteries  and  veins,  with  the  trachea  and  the  heart, 
fig.  111. 

The  lungs  are  porous,  spongy  organs,  the  tissue  of  which  is  so 
elastic,  that,  although  they  fill  the  closed  pleural  chambers,  they 
collapse  more  or  less,  Avhen  the  thorax  is  laid  open.  If  squeezed, 
they  give  rise  to  a peculiar  sensation  called  crepitation,  owing 
to  the  air  which  is  contained  in  them.  Their  size  and  weight 
present  great  variations,  depending  on  their  state  of  inflation, 
and  the  quantity  of  blood  in  their  vessels,  or  of  sermn  in  their 
tissue.  The  average  tveight  of  the  two  lungs  together,  is,  hotv- 
ever,  about  42  ounces,  the  right  lung  being  about  2 ounces 
heavier  than  the  left ; they  are  larger  in  the  male  than  in  the 
female ; they  are  moreover  heavier,  their  proportion  to  the 
body  being  as  1 to  37  in  the  former,  and  as  1 to  43  in  the 
latter.  Owing  to  the  air  in  the  lungs,  they  float  entirely,  or 
even  in  portions,  in  water;  the  specific  gra^-ity  of  their  sub- 
stance, ranges  from  345  to  74G,  water  being  1,000.  The  colour 
of  the  lungs,  varies  at  different  periods  of  life ; in  the  newly 
born  infant,  they  are  of  a pinkish  white  ; in  the  adult,  they  are 
darker,  and  become  mottled  with  deep  slate-coloured  spots, 
patches,  or  lines,  which  increase  in  number  and  assume  a 
deeper  hue,  as  life  advances,  becoming,  in  some  individuals, 
even  black. 

The  surface  of  each  lung,  is  invested  by  a thin,  smooth,  trans- 
parent, elastic  serous  membrane, named  theyj/etM'a,  which  pa.sses 
into  certain  fissures  upon  the  surface  of  the  lungs ; at  the  root 
of  the  lungs,  it  is  reflected  upon  the  inner  surface  of  the  corre- 
sponding pleural  chamber  of  the  thorax,  the  whole  of  which  it 
lines,  forming  a closed  sac  (see  vol.  i.  p.  27).  The  parietal 
portion  of  this  membrane,  partly  lines  the  sides  of  the  thorax, 
where  it  forms  the  costal  j)leura-,  but,  in  the  middle  line,  it 
covers  a portion  of  the  pericardium  and  other  parts,  and 
touches  the  opposite  pleura ; above,  it  closes  in  the  Tipper 
opening  of  the  thorax,  reaching  higher  than  the  first  rib  ; beloiv, 
it  lines  the  diaphragm.  A triangular  duplicature,  forming  the 
broad  ligament  of  the  lung,  passes  down  from  the  root  of  the 
lung  to  the  diaphragm,  and  serves  to  retain  the  lower  portion 
of  the  lung  in  position.  The  free  and  moist  surfaces  of  the 
parietal  and  pulmonary  portions  of  the  pleura,  touch  each 
other.  If  serous  fluid,  blood,  pus,  or  air  should  collect  between 
them,  the  cavity  of  the  pleura  becomes  evident,  and  the  diseases 
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known  as  h3'drothorax,  haemotliorax,  empyema,  or  pneu- 
mothorax are  developed.  The  right  and  left  pleura;  are  quite 
distinct  from  each  other.  The  place  where  they  come  into 
contact,  is  just  above  the  middle  of  the  sternum  ; here  thej’ 
are  connected  together  by  areolar  tissue,  but  in  other  parts 
of  the  middle  line,  they  are  separated  from  each  other  by  an 
interval,  called  the  mediastinum,  in  Avhich  all  the  parts  con- 
tained in  the  thorax,  except  the  lungs,  are  lodged.  The  right 
pleural  chamber  is  shorter  and  wider  than  the  left. 

Each  lung,  as  well  as  the  pleui-al  chamber  into  which  it 
accurately  tits,  is  of  a conical  shape,  and  presents  an  apex,  a 
base,  an  outer  and  inner  surface,  and  an  anterior  and  posterior 
border.  The  apex  is  blunt,  and  projects  into  the  neck,  from  an 
inch  to  nearly  an  inch  and  a half  above  the  first  rib.  The  base  is 
broad  and  concave,  and  rests  on  the  convexity  of  the  dia- 
phragm ; its  margin  is  thin,  and  jjasses  between  that  muscle 
and  the  wall  of  the  chest ; it  reaches  much  lower  down  at  the 
outer  side  and  behind  than  it  does  in  front.  The  outer  surface^ 
smooth  and  convex,  is  in  contact  with  the  walls  of  the  thora.x, 
and  is  of  greater  depth  behind,  than  in  front.  The  inner  sur- 
face is  concave,  being  adapted  to  the  pericardium  and  heart, 
behind  which  it  presents  a depression,  called  the  Jiilus. 
wdiere  the  bronchi  and  pulmonaiy  vessels  forming  the  root 
of  the  lung,  pass  in  and  out.  The  anterior  borders  of  the  lungs 
are  thin,  and  partly  overlap  the  pericardium,  that  of  the  right 
lung  reaching  to  the  middle  of  the  whole  length  of  the  ster- 
num, that  of  the  left  lung  doing  so  only  as  low  as  the  fourth 
costill  cartilage.  Above  this  point,  the  anterior  borders  of  the 
two  lungs,  are  merely  separiited  from  each  other  by  their 
pleural  membranes  ; but  below  it,  the  anterior  border  of  the 
left  lung  forms,  over  the  pericardium  and  apex  of  the  heart,  a 
Y-shaped  notch,  the  base  of  Avhich  is  turned  to  the  middle 
line  (fig.  13;.  The  posterior  border  of  each  lung,  much  longer 
than  the  anterior,  is  broad  and  rounded,  and  occupies  the  deep 
groove  on  either  side  of  the  vertebral  column,  reaching  below, 
between  the  ribs  and  the  diaphragm. 

Each  lung  is  divided,  by  a deep  fissure,  into  an  upper  and 
lower  lobe.  This  principal  Jissure  extends  from  the  posterior 
border  of  the  lung  near  the  apex,  obliquely  downwards  and 
forwards,  to  the  anterior  border  near  the  base.  The  upper 
lobe,  on  each  side,  is  smaller  than  the  lower  one.  and  resembles 
a cone  having  an  oblique  base  ; the  lower  lobe  has  a some- 
what quadrilateral  shape.  The  upper  lobe  of  the  right  lung, 
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is  subdivided  b_y  a second  fissure,  which,  passing  forwards  and 
upwards  from  the  oblique  fissure  to  the  anterior  border,  cuts 
off  a smaller  triangular  lobe,  named  the  middle  or  third  lobe 
of  that  lung.  A rudimentary  third  lobe  is  sometimes  present 
in  the  left  lung.  In  the  right  lung,  there  are  sometimes  four 
lobes.  The  right  lung  is  about  an  inch  shorter  than  the  left, 
and  the  concavity  of  its  base  is  more  pronounced  ; this  cor- 
responds with  the  higher  position,  and  greater  convexity  of 
the  right  half  of  the  diaphragm,  over  the  right  lobe  of  the 
liver.  The  right  lung  is  also  wider  than  the  left,  the  breadth 
of  the  latter  being  diminished  by  the  projection  of  the  heart 
into  the  left  half  of  the  thorax. 

The  root  of  each  lung,  which  is  found  on  the  inner  surface 
somewhat  above  the  middle,  and  much  nearer  the  jDOSterior 
than  the  anterior  border,  contains,  as  already  stated,  the 
bronchus,  the  pulmonary  artery,  and  the  two  pulmonary  veins ; 
it  also  includes  the  nutrient  vessels  or  bronchial  arteries  and 
veins,  lymphatics  and  lymphatic  glands,  nerves,  and  areolar 
tissue,  all  being  surrounded  by  a tubular  reflection  of  the 
pleura.  In  the  root  of  the  lung,  the  p;ilmonary  artery  is 
placed  behind  the  prrlmonary  veins,  but  in  front  of  the  bron- 
chus, bronchial  vessels,  and  lymphatic  glands.  The  relative 
position  of  the  bronchus  and  artery  from  above  downAvards, 
differs  on  the  two  sides ; on  the  right  side,  the  bronchus  lies 
above  the  artery;  but  on  the  left  side,  the  bronclurs  (fig. 
Ill,  4),  descending  lorver,  to  pass  beneath  the  aortic  arch,  is 
placed  below  the  artery,  6.  The  pulmonary  veins,  7,  8,  on 
both  .sides,  are  situated  beloAv  the  other  structures. 

The  air  tube,  bloodvessels,  lymphatics,  and  nerves  found  in 
the  root  of  the  lung,  enter  it,  and,  dividing  and  subdividing, 
penetrate  not  only  its  lobes,  birt  reach  certain  much  smaller  por- 
tions of  the  lung  substance,  named  the  lohdes.  These  lobules, 
Avhich  constitute  the  proper  pidmonarji  substance,  or  parenchy- 
ma, are  small  compressed  masses,  Avhich  might  be  regarded  as 
little  independent  lungs,  or  kinglets  ; they  fit  accurately  against 
each  other ; they  vary  in  shape  and  size,  being,  on  the  surface 
of  the  organ,  large  and  jjyramidal,  Avith  their  base  directed 
outAvards,  Avhilst  in  the  interior,  they  are  small  and  of  irregular 
polyhedral  shape.  Each  lobule  is  composed  of  a terminal 
branch  of  an  air-tube,  surrounded  by  a cluster  of  air-cells  com- 
municating Avith  it ; also  of  pulmonary  and  bronchial  vessels, 
lymphatics,  and  nerves,  Avith  a fine  interstitial  areolar  tissue. 
The  lobules  are  supported  on  the  terminal  air-tubes,  as  if  on 
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stalks,  but  they  are  likewise  held  together  by  the  vessels,  aud 
by  an  interlobular  areolar  tissue,  which  attaches  their  sides 
together,  and  is  itself  connected  with  a general  covering  of 
areolar  tissue,  found  upon  the  surface  of  the  lung,  beneath  the 
pleura,  named  the  snbpleural  or  suhserous  coat.  Both  the  in- 
terlobular and  subserous  tissues,  contain  many  elastic  fibres. 


Fig.  Ill, 


t 


Pis.  111.  Back  view  of  the  lungs  and  heai't,  with  the  air-tubes  and  great 
bloodvessels  attached.  1,  trachea  or  windpipe.  2,  2,  lungs  ; the  left  one 
partly  dissected,  to  show  the  bronchial  tubes  and  the  pulmonary 
arteries  and  veins  br.anching  in  it.  3,  heart.  4,  left  bronchus,  entering 
at  the  root  of  the  lung,  beneath  the  arch  of  the  aorta,  which  is  seen  cut 
across.  6,  left  pulmonary  artery.  7,  S,  left  pulmonary  veins,  entering, 
5,  the  left  auricle ; beneath  the  right  pulmonary  veins,  is  the  inferior 
vena  cava,  cut  across.  9,  back  or  under  surface  of  the  left  ventricle  of 
the  heart. 


On  entering  the  lung,  each  bronchus  divides  into  an  upper 
aud  lower  branch,  one  for  each  lobe ; but,  on  the  right  side, 
the  lower  branch  gives  off  a smaller  one,  which  passes  into  the 
middle  or  third  lobe  of  that  huig.  Inside  the  lung,  the  bron- 
chi continue  to  subdivide,  at  obtuse  angles,  into  smaller  and 
smaller  tubes,  called  bronchia ; these  never  coalesce  again,  but 
continue  separate,  after  the  manner  of  the  primary  ducts  of  a 
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gland,  or  of  the  branches  of  a tree.  These  tubes  generally  divide 
dichotomously,  or  in  tAvos,  but  sometimes  three  bronchia  pro- 
ceed from  a common  trunk,  or  small  lateral  bronchia  are  given 
off.  The  finest  bronchia,  forming  the  lobular  bronchial  tubes, 
end  in  the  lobules,  as  will  presently  be  described.  The  com- 
bined sectional  area  of  the  smaller  bronchia,  is  very  much 
greater  than  that  of  the  lai'ger  bronchia  or  the  trachea. 

Within  the  lung,  the  bronchia  are  round,  and  not  flattened 
posteriorly,  like  the  trachea  and  its  primary  divisions  in  the 
root  of  the  lung.  Their  constituent  elements  are  similar  to 
those  of  the  trachea,  but  these  are  here  much  modified.  Thus,  the 
cartilages,  instead  of  being  arranged  in  regular  transverse  slips, 
assume  the  form  of  angular  or  polygonal  plates  of  proportionate 
size,  placed  on  all  sides  of  the  tirbes.  At  the  angles  of  bifur- 
cation of  the  tubes,  spur-shaped  pieces  of  cartilage  usually  sup- 
port them ; minute  flakes  are  found  even  in  the  smaller  bronchia. 
But  the  cartilages  are  absent  in  bronchia,  the  diameter  of 
which  is  less  than  a quarter  of  a line ; the  walls  of  such  tubes 
are  entirely  membranous.  A fibrous  coat  and  longitudinal 
elastic  fibres,  are  present  in  all  the  tubes,  down  to  the  very 
smallest.  The  muscular  fibres,  of  the  unstriped  kind,  are  no 
longer  limited  to  the  posterior  portion  of  the  tube,  but,  ar- 
ranged in  circular  bundles,  form  a layer  external  to  the  car- 
tilages; they  extend  to  the  smallest  ramifications  of  the 
bronchia.  The  mucous  membrane  lining  the  bronchia,  is 
thinner  than  that  of  the  bronchi  and  trachea,  with  Avhich  it  is 
continuous  ; it  is  covei’ed  with  a ciliated  columnar  epithelium. 
The  Avails  of  the  bronchi  and  larger  bronchia,  are  provided 
Avith  mucous  glands. 

The  terminal  bronchial  offsets  distributed  to  the  lobules,  or 
the  lobular  bronchial  tubes,  divide  Avithin  the  lobules,  from  four 
to  nine  times,  according  to  the  size  of  the  lobule.  The  branches 
thus  formed,  become  gradually  smaller,  being  at  length  re- 
duced to  ^'^th,  gJ-gth,  or  Yoth  of  an  inch  in  diameter.  They 
finally  terminate  in  the  so-called  intercellular  passages,  or 
air  sacs,  Avhich  offer  a marked  contrast,  both  in  form  and 
structure,  to  the  tubes ; for  instead  of  a cylindrical  form,  they 
appear  like  irregular  passages,  traversing  the  substance  of  the 
lobule  at  various  angles,  and  communicating  freely  with  each 
other ; at  the  same  time,  they  no  longer  present  either  longitu- 
dinal, elastic,  or  circular  muscular  fibres.  Moreover,  the 
diameter  of  the  intercellular  passages,  is  someAvhat  greater 
than  that  of  the  finest  bronchial  tubes  from  Avhich  they  proceed. 
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and  it  increases  a little  at  each  division,  whilst  the  tubes,  in 
this  respect,  as  already  mentioned,  diminish  in  size  as  they 
divide.  Finally,  the  sides  of  the  intercellular  passages,  at 
first  smooth,  like  those  of  the  lobular  bronchial  tubes,  soon 
become  recessed  by  numerous  closely-set,  sharply-defined, 
cup-shaped  depressions ; these  are  the  so-called  air-vesicles 
or  air-cells.  An  intercellular  passage  may,  indeed,  be  re- 
garded as  a space  between  the  air-cells,  which  surround  it 
on  all  sides. 


Fig.  112. 


Fig.  112.  Magnified  diagrammatic  view  of  groups  or  clusters  of  air-cells, 
one  being  laid  open.  1,  small  bronchial  tuiie,  dividing  into  othe.i-s  which 
are  membranous.  2,  vesicular  portion  of  lobule,  with  air-cells  on  its 
surface.  3,  the  same,  laid  open,  to  show  the  recesses  or  air-cells  in  its 
interior. 


The  air-cells  or  air-vesicles  (fig.  112,  2,  3),  the  ultimate  re- 
cesses to  which  the  minutely  subdivided  air  gains  acce.ss, 
measure  fi'om  w^th  to  diameter.  They 

are  smaller  in  the  interior  of  the  lungs,  larger  on  the  surface, 
and  largest  at  the  apices  and  thin  edges  of  those  organs.  They 
are  larger  in  the  male  than  in  the  female,  and  gradually 
increase  in  size  as  life  advances.  Those  cells  which  occupy 
the  central  portion  of  a lobule,  appear  like  polyhedral  alveoli, 
separated  from  each  other  by  delicate  septa.  By  some,  it  is 
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said  that  the  sides  of  the  cells  are  frequently  perforated  or 
deficient,  so  that  neighbouring  cells  communicate  with  each 
other  (Waters) ; but  this  is  not  universally  admitted,  at  least 
as  regards  the  human  lung.  The  cells  situated  beneath  the 
pleura,  are  four  or  six  sided.  No  direct  communication  exists 
between  the  air-cells  of  adjacent  lobules.  The  number  of  air 
cells  in  both  lungs,  has  been  calcidated  to  be  about  6,000,000. 
The  walls  of  the  air-cells,  are  thin  and  transparent,  and  are 
composed  of  areolar,  mixed  with  fine  elastic,  ti.'^sue,  lined  by  an 
exceedingly  dehcate  mucous  membrane,  consisting  of  a thin 
transparent  basement  membrane,  covered  Avith  a polygonal 
squamous  non-ciliated  epithelium. 

The  pulmonary  arteries  and  veins  are  the  functional,  or 
respiratory,  vessels  of  the  lungs.  The  pidmonaru  arteries, 


Fig.  113. 


a 


Fip.  113.  Small  portion  of  the  inner  surface  of  the  air-cells,  with  the  cat.il- 
lary  network  itijected;  the  pulmonary  capillaries  are  seen  to  be  wider 
than  the  meshes  between  them. 


unlike  the  systemic  arteries,  convey  venous  blood  from  the 
right  ventricle  of  the  heart  to  the  lungs.  The  trunk  of  the 
pulmonary  artery,  having  passed  obliquely  upAvards  and  to  the 
left,  for  about  2 inches,  reaches  the  concavity  of  the  aortic 
arch,  and  there  divides  into  the  right  and  left  pulmonary 
arteries ; each  of  these  enters  the  corresponding  lung,  and 
divides  into  as  many  primary  branches  as  there  are  lobes ; 
these  branches  rapidly  subdivide  in  company  Avith  the  bronchia, 
and  finally  end  in  tlie  pulmonary  capillaries.  These  la.st- 
named  Amssels,  placed  beneath  the  mucous  membrane  of  the  air- 
cells  and  intercel’ular  passages,  form  a delicate  and  close  net- 
AA'ork  composed  of  a single  layer  of  small  vessels,  having  exceed- 
ingly thin  Avails ; their  Avidth  varies  from  to  ^-^’^  pth  of 

an  inch  ; that  of  the  meshes  betAveen  them,  is  much  less  ; at  the 
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sides  of  adjoining  cells,  the  capillary  network  is  placed  between 
their  adjacent  walls,  so  that  it  is  acted  on  by  the  air  on  both 
sides.  The  venules  which  arise  from  tlie  capillary  network, 
quickly  join  to  form  larger  trunks,  which  generally  pursue  a 
different  route  to  that  of  the  arteries  ; they  finally  end  in  four 
pulmonary  veins,  two  from  each  lung,  which  convey  the  arterkil- 
ised  blood  to  the  left  auricle  of  the  heart.  The  pulmonary  veins 
are  destitute  of  valves ; their  capacity  is  said  to  be  about  equal 
to,  or  even  less  than,  that  of  the  pulmonary  arteries.  Within 
the  lungs  the  pulmonary  arteries  are  usually  situated  above 
the  bronchial  tubes,  and  the  pulmonary  veins  below.  The 
bronchial  arteries  are  the  nutritive  vessels  of  the  lung : they 
are  given  off  from  the  aorta,  or  from  an  intercostal  artery,  and 
are  distributed  to  the  walls  of  the  bronchia  and  pulmonary 
vessels,  to  the  interlobular  areolar  tissue  and  other  neighbour- 
ing parts ; they  usually  end  in  the  bronchial  veins,  but  the 
branches  which  supply  the  smallest  bronchia  end  in  the 
pulmonary  capillary  network.  The  lymphatics  are  superficial 
and  deep,  and  terminate  in  the  bronchial  glands  at  the  root  of 
the  lung.  The  nerves  are  derived  from  the  vagus  and  sympa- 
thetic; connected  with  the  latter,  are  numerous  minute  ganglia 
(Kemak). 

Mechanism  of  Respiration. 

The  respiratory  movements  are  of  two  kinds — viz.  those 
■which  draw  air  into  the  breathing  organs,  or  the  movements  of 
inspiration,  and  those  which  expel  the  air  from  those  organs, 
or  the  movements  of  expiration.  A complete  respiration 
therefore  consists  of  an  inspiratory  and  an  expiratory  act. 
Inspiration  requires  a greater  effort  than  expiration.  At  the 
commencement  of  the  independent  existence  of  air-breathing 
animals,  the  former  act  precedes  the  latter,  the  lungs  being 
then  filled,  before  air  can  be  expired  from  them  ; on  the  otlier 
hand,  the  final  respiratory  act  consists  of  an  expiration,  and 
to  expire  is  synonymous  with  to  die. 

Inspiration. — The  thorax  is  a closed  cavity,  rvith  movable 
walls,  the  available  space  in  which,  beyond  that  occupied  by 
the  heart  and  bloodvessels,  oesophagus,  thoracic  duct,  lym- 
phatic glands  and  nerves,  is  accurately  tilled  by  the  two 
lungs.  The  interior  of  these  spongy  organs,  however,  com- 
municates with  the  outward  atmosphere  through  the  nose, 
mouth,  pharynx,  larynx,  trachea,  bronchi,  and  bronchial  tube.s. 
Hence  any  enlargement  of  the  thoracic  ca^•ity,  from  expan.sion 
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of  its  Avails,  is  immediately  accompanied  by  the  entrance  of 
air,  through  the  air-passages  just  mentioned,  into  the  interior 
of  the  lungs,  and  by  the  inflation  of  those  elastic  organs,  as 
they  follow  the  expanding  Avails  of  the  chest.  In  describing 
the  inspiratory  act,  it  is  sometimes  said  that  a virtual  vacuvm  is 
formed  in  the  thorax,  Avhich  the  air  fills,  by  entering  through  the 
only  passages  by  Avhich  it  can  reach  its  interior.  But  the  vacuum 
in  question,  is  only  threatened  or  impending,  none  being  really 
formed.  The  equilibrium  betAveen  the  atmospheric  pressure 
on  the  surface  of  the  lungs,  acting  through  the  Avails  of  the 
thorax,  and  that  on  their  interior,  operating  through  the  open 
air-passages,  being  disturbed  by  the  active  expansion  of  the 
thoracic  parietes  through  the  agency  of  the  inspiratory  muscles, 
the  air  enters  the  air-passages  simultaneously,  in  exact  and 
instant  correspondence  Avith  the  amount  of  expansion,  and  the 
lungs  as  instantly  become  inflated,  and  folloAV  the  inner  surface 
of  the  expanding  thoracic  Avails. 

In  this  inspiratory  movement,  the  thorax  is  enlarged  in 
each  of  its  three  dimensions : in  depth  from  before  backwards, 
in  Avidth  from  side  to  side,  and  in  length  or  height  from  above 
doAvnAvards  (see  fig.  114).  The  enlargement  in  depth,  from 
the  spine  to  the  sternum,  is  accomplished  by  the  eleA^ation  of 
the  ribs,  which  being  movably  articulated  Avith  the  vertebi’al 
column  behind,  and  continued  on,  by  their  cartilages,  to  the 
sternum  in  front,  and  having,  moreover,  an  oblitpie  direction 
from  their  pjosterior  to  near  their  anterior  extremities,  neces- 
sarily cause  an  eleA^ation  and  projection  fonvards  of  the 
sternum,  Avhen  they  are  slightly  lifted  upon  their  posterior 
points  of  attachment,  to  a less  oblique  position.  The  point 
of  support  or  fulcrum  of  each  lil),  is  the  vertebral  column ; 
Avhilst  the  connection  of  the  upper  ten  ribs  in  front,  directly 
or  indirectly,  Avith  the  sternum,  enables  them  to  elevate  and 
push  forAvard  that  bone,  and  thus,  to  increase  the  antero- 
posterior diameter  of  the  chest.  The  enlargement  of  the 
thorax  in  tvidtii,  is  likewise  accomplished  by  the  elevation  of 
the  curved  and  obliquely  attached  ribs  ; for  by  such  a move- 
ment, as  may  be  illustrated  on  the  skeleton,  or  on  an  apparatus 
consisting  of  pieces  of  hoops  attached  obliquely  to  a common 
upright  support,  the  ribs,  in  becoming  more  horizontal,  are 
not  merely  lifted,  but  slightly  rotated  on  their  hinder  attached 
extremities  ; their  sides  are  thus  carried  outAvards,  their  outer 
surfaces  being  turned  someAvhat  upAvards,  and  their  inner  sur- 
faces doAvuAvards.  The  total  result,  as  it  affects  all  the  ribs. 
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is  to  expand  the  thorax  in  its  transverse  diameter.  Lastly, 
the  increase  in  the  vertical  diameter  or  height  of  the  thorax, 


Fig.  114. 


Fig.  114.  Diagrammatic  view  of  an  aiitero-posteri>  r section  of  the  cavities 
of  the  thorax  and  abdomen,  with  the  diaphragm  intervening,  to  show  the  ' 

cliangos  in  the  position  of  tliis  septum,  and  of  the  walls  of  the  chest  and 
abdomen,  in  respiration ; a,  abdominal  cavity;  t,  thorax  : f,  r,  lertcbral 
column  ; d,  dia)>hr.agm.  The  dark  lines  show  the  position  of  the  parts  ' 
after  inspiration,  the  dotted  lines  after  expiration,  s,  section  of  the  ; 
sacrum,  and  p,  of  the  symphysis  pubi',  forming  the  posterior  and  an- 
terior boundaries  of  the  pelvic  cavity,  which  communicates  above  with  ^ 
the  abdomen. 

1 

which,  in  its  costal  portion,  is  diminished  bv  the  antero-  .■ 
posterior  and  transverse  expansion,  is  accomplished  by  tlie  ■ 
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action  of  the  arched  or  vaulted  diaphragm,  fig.  14,  d,  which 
forms  the  base  of  the  thorax.  The  central  tendinous  expan- 
sion, the  diaphragm,  is  drawn  down  by  the  contraction  of  its 
circumferential  muscular  parts ; and  this  movement,  named 
the  descent  of  the  diaphragm,  causes  an  important  elongation 
of  the  thoracic  space. 

Of  these  three  inodes  of  enlargement  of  the  thoracic  cavity, 
its  elongation  fi’om  above  downwards,  by  the  descent  of  the 
diaphragm,  is  by  far  the  most  considerable.  In  ordinary  re- 
spiration, it  constitutes  in  men,  and,  it  is  said,  particularly  in 
children,  the  principal  respiratory  movement ; but  it  is  ac- 
companied by  a slight  lifting  of  the  walls  of  the  thorax,  in  front, 
at  the  sides,  and  especially  at  the  lower  part  of  the  chest.  When 
the  diaphragm  thus  descends,  the  abdominal  viscera  do  so  like- 
wise, and  the  abdominal  walls,  their  muscles  probably  relaxing, 
become  prominent ; wdiilst  in  expiration,  when,  as  may  be 
supposed,  the  diapihragm  ascends,  the  abdominal  viscera  are 
carried  upwards,  and  the  abdominal  walls,  slightly  reacting, 
fall  in.  Hence,  respiration  performed,  chiefly  or  entirely,  by 
means  of  the  diaphragm,  is  termed  abdominal,  diaphragmatic, 
or  inferior  costal  respiration;  it  is  the  typical  form  of  respiration 
in  the  male  and  in  children.  When  breathing  is  mainly  per- 
formed by  the  movements  of  the  ribs,  it  is  termed  pectoral  or 
superior  costal  respiration,  and  this  is  the  characteristic  form 
of  breathing  in  the  female,  a fact  which  has  been,  by  some, 
attributed  to  the  habitual  use  of  stays,  but  which  may  be  a 
provision  against  the  occasional  impediment  to  abdominal  re- 
spiration, which  occurs  in  that  sex.  Over-distension  of  the 
abdomen,  from  any  cause,  as  fi-om  gaseous  or  solid  accumula- 
tions in  the  large  intestine,  tumours,  or  dropsical  effusions, 
hinders  abdominal  respiration,  the  embarrassment  to  Avhich  is 
shown  by  the  special  efforts  made  to  perform  costal  respiration. 
If  the  diaphragm  contracted  by  itself,  it  would  not  only  draw 
down  its  own  tendinous  vault,  but  would  also  pull  the  lower 
ribs  downwards  and  backwards  towards  the  vertebral  column, 
and  so  diminish  the  lateral  and  antero-posterior  dimensions  of 
the  lower  part  of  the  chest ; but,  in  ordinary,  and  in  deep  in- 
spiration, this  tendency  is  counteracted  by  a proper  adjust- 
ment of  the  force  which  raises  the  ribs. 

The  elevation  of  the  ribs  in  inspiration,  is  accomplished,  in 
ordinary  breathing,  by  the  cooperation  of  a number  of  small 
muscles  placed  deeply  between,  and  upon  the  ribs.  First,  more 
especially  concerned,  are  the  external  intercostal  muscles.  These 
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occupy  the  interspaces  between  all  the  ribs,  extending,  in  each 
intercostal  space,  from  close  to  the  vertebral  column  to  the 
neighbourhood  of  the  costal  cartilages ; tlieir  fibres  pass  down- 
wards and  forwards,  from  one  rib  to  another  (see  fig.  4).  It 
Avas  at  one  time  supposed  that  these  muscles,  being  placed  be- 
tween adjacent  ribs,  could  not  elevate  those  bones,  unless  the 
uppermost  rib  was  first  fixed,  but  that  then  each  intercostal 
muscle  could  raise  the  rib  below  it.  It  has  been  shoAvn,  how- 
ever, by  observations  on  li\'ing  animals,  that  the  action  of  these 
muscles  in  elevating  the  ribs,  does  not  require  the  previous 
fixing  of  the  first  rib.  The  mechanical  principle  on  Avhich 
this  apparently  singular  result  depends,  may  be  illustrated  by 
a simple  apparatus,  consisting  of  an  upright  support  of  wood, 
to  which  two  bars  are  so  attached  at  one  end,  by  means  of  pins, 
as  to  be  capable  of  being  elevated  or  depressed;  the  bars  them- 
selves being  held  horizontally,  a piece  of  vulcanised  india-rubber 
is  fixed  tensely,  and  obliquely  downwards  and  forwards  from 
the  upright  sirpport,  befrveen  the  bars — i.e.  in  the  same  direc- 
tion as  the  fibres  of  the  external  intercostal  muscles.  "When, 
now,  the  bars  are  drawn  dorvn,  the  India-  rubber  is  stretched, 
and  on  being  lefl;  free  to  act,  immediately  elevates  both  bars 
again,  aird  supports  them  even  in  an  oblique  direction  upwards. 
The  explanation  of  this  result  is  as  follows: — the  elastic  force 
tends  to  appro.ximate  the  ends  of  the  piece  of  vulcanised  india- 
rubber  ; this  can  only  be  accomplished  by  such  a motion  of 
the  movable  bars  as  will  bring  the  points,  to  Avhich  the  ends 
of  the  india-rubber  are  fixed,  as  near  together,  i.e.  as  nearly 
vertical  to  each  other,  as  possible  ; and  this  resuUs  in  the  joint 
elevation  of  both  bars.  In  the  living  body,  the  vertebral 
column  represents  the  upright  support,  and  the  ribs  the  bars ; 
but  the  effect  is  here  modified  by  the  somewhat  fixed  con- 
dition of  the  cartilages  of  the  ribs  to  the  sternum,  tvhichbone 
is,  accordingly,  moved  upwards  and  forwards.  Secondly, 
there  are  fomid  at  the  back  of  the  chest,  near  the  spine,  and 
descending  from  the  several  dorsal  vertebra  to  the  subjacent 
ribs,  muscles  known  as  the  long  and  short  levators  of  the  ribs. 
These  not  only  assist  in  elevating  the  hinder  parts  of  the  ribs, 
but  also  slightlj^  rotate  them,  so  as  to  eAmrt  their  lower  borders. 
This  slight  rotation  of  the  ribs,  Avhich  accompanies  their  ele- 
vation, increases  the  diameter  of  the  chest,  and  also  Avidens 
each  intercostal  space  along  the  sides  of  the  thorax,  wliere 
the  ribs  are  more  moA’able  than  at  their  anterior  and  posterior 
extremities.  The  elasticity  of  the  costal  cartilages,  is  highly 
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favourable  to  this  elevation  and  rotation  of  the  ribs,  rendering 
both  movements  easier  of  execution,  than  if  the  costal  frame- 
work were  entirely  composed  of  bone.  Thirdhi,  besides  the 
simpler  action  of  the  levators  of  the  ribs,  and  the  more  com- 
plex movements  of  the  external  intercostals,  it  is  certain  that 
a portion  of  the  so-called  internal  intercostals  may,  as  will 
again  be  mentioned,  also  aid  in  elevating  these  bones  and  the 
sternum. 

In  deep  inspiration,  many  more  muscles  come  into  play 
than  in  ordinary  breathing.  Thus,  the  anterior  and  posterior 
scaleni  muscles,  which  descend,  on  each  side,  from  the  cervical 
vertebra  to  the  first  and  second  ribs,  aid  powerfully  in  eleva- 
ting those  ribs,  and,  through  them,  perhaps  all  the  others.  The 
posterior  superior  serrati  muscles,  situated  deeply,  one  on  each 
side  of  the  back  of  the  chest,  must  also  raise  certain  of  the 
ribs.  The  cervicales  ascendentes  muscles  will  have  a similar 
action.  If  the  scapula,  or  shoulder  bone,  and  the  clavicle,  or 
collar  bone,  are  previously  fixed  by  the  muscles  which  descend 
to  them  from  the  head  and  neck,  viz.  by  the  trapezius  (fig.  5,  2), 
sterno-mastoid,  levator  of  the  angle  of  the  scapula,  and  greater 
and  lesser  rhomboid  muscles  on  either  side,  then  a very  large 
and  important  muscle,  the  great  serratus  (fig.  4,  5),  which 
passes  from  the  base  of  each  scapula,  over  the  sides  of  the 
chest,  to  the  eight  upper  ribs,  must  also  assist  powerfully  in  ex- 
panding the  chest,  by  raising  and  drawing  the  ribs  otitwards. 
So,  likewise,  in  front  of  the  thorax,  the  subclavius  muscle, 
which  passes  from  the  collar-bone  to  the  first  rib,  and  the 
lesser  pectoral  muscle,  which  descends  from  the  scapula  to  the 
third,  fourth,  and  fifth  ribs,  on  each  side,  will  then  serve  to 
elevate  the  ribs.  In  still  more  forced  inspiration,  when  even 
the  arms  are  fixed,  by  holding  on  to  some  external  object  of  sup- 
port, the  great  pectoral  muscles  in  front  (fig.  4,  2),  and  the 
latissimi  dorsi  behind  (fig.  5,  3),  both  of  which,  besides  other 
attachments,  are  connected,  on  the  one  hand,  with  the  humerus, 
and,  on  the  other,  with  certain  of  the  ribs,  may  then  cooperate 
in  the  elevation  and  outward  rotation  of  these  latter  bones,  and 
thus  assist  in  inspiration.  All  the  muscles  just  mentioned, 
are  named  auxiliary  muscles  of  inspiration ; but  a few  of  them 
only,  those  first  described,  are  ordinarily  employed  in  deep 
inspiration.  In  very  extreme  cases,  however,  nearly  every 
muscle  of  the  body  may  assist  in  inspiration,  by  fixing  certain 
parts,  and  thus  affording  more  efficient  points  of  action  to  the 
proper  respiratory  muscles. 
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The  chief  work  performed  in  the  act  of  insj^iration,  consists 
in  overcoming  the  elastic  resistance  of  the  costal  cartilages,  and 
lifting  the  weight  of  the  ribs.  The  lungs  themselves  are  pas- 
sive, or  rather  their  elasticity  has  to  be  overcome.  These  organs, 
becoming  inflated  in  every  direction  from  their  roots,  as  they 
follow  the  thoracic  walls,  are  necessarily  enlarged  in  all  direc- 
tions, antero-posteriorly,  transversely,  and  vertically.  The 
elastic  fibres  of  the  air-tubes,  yield  both  in  a longitudinal  and 
a circular  direction.  The  elastic  walls  of  the  air-cells,  are  ex- 
tended generally ; so  also  are  the  interlobular  and  subserous 
areolar  tissue,  and  the  pulmonary  and  costal  pleura;.  To  faci- 
litate the  ingress  of  air,  the  air-passages,  from  the  nose  and 
mouth  down  to  the  interior  of  the  lungs,  are  supported  either 
by  bones  or  cartilages,  as,  for  example,  by  the  cartilaginous 
alffi  of  the  nostrils,  the  bones  of  the  nasal  cavities,  the  car- 
tilages of  the  larynx,  the  incomplete  cartilaginous  hoops  of  the 
trachea  and  primary  bronchi,  and  lastly,  by  the  less  regular, 
but  well-adapted  plates  of  cartilage  of  the  secondary  bronchi 
and  the  bronchia.  As  especially  fitted  to  maintain  the  pervi- 
ousness of  the  bronchia,  the  cartilaginous  spurs  placed  at  the 
angles  of  bifurcation  of  those  tubes,  deserve  particular  men- 
tion. Through  simple,  membranous  tubes,  however  firm,  the 
free  and  instant  entrance  of  the  air  necessary  to  proper  inspira- 
tion, would  have  been  impracticable ; and,  moreover,  such  tubes 
would  have  quickly  collapsed  during  expiration.  At  the 
larjmx,  the  narrow  triangular  glottis  has  musculo-membranous 
margins ; but  the  state  of  this  aperture,  is  regulated  by  the 
nenmus  system,  which  exercises  a special  control  over  it,  and 
though  it  may  be  voluntarily  or  involuntarily  closed,  it  is 
habitually  open. 

Mechanical  obstructions  in  any  part  of  the  air-pas,sages,  by 
excluding  the  air,  may  prove  fatal.  The  forcible  closure  of 
the  mouth  and  nose  for  criminal  purposes,  the  wilfitl  filling  of 
the  fauces  Avith  a handkerchief  or  cloth,  the  compression  of 
the  windpipe,  the  accidental  impaction  of  pieces  of  food  or  of 
some  foreign  body  in  the  glottis,  closiire  of  this  aperture  from 
spasm,  or  from  swelling  of  the  surrounding  mucous  membmne, 
a condition  known  as  oedema  of  the  glottis,  the  lodgment  of 
masses  of  food,  too  large  to  be  swallowed,  in  the  oesophagus, 
and,  lastly,  the  introduction  of  tiuid  in  any  quantity,  as  in 
droAAming,  operate  in  this  way. 

When  the  thoracic  Avails  are  so  injured,  that  an  opening 
exists  through  them  into  the  pleui’al  chamber,  their  expansion 
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is  no  longer  followed  by  the  proper  inflation  of  the  lungs  ; but 
the  air  j^assing  in  through  the  artificial  opening,  to  supply  the 
threatened  vacuum,  the  lung  is  subjected  to  equal  atmospheric 
pressure  both  on  its  pleural  surface  and  within  its  air- passages 
and  air-cells,  and  owing  to  the  elasticity  of  its  component  struc- 
tures, it  collapses  to  a greater  or  less  extent.  If  the  opening  be 
oblique  or  valved,  as  in  certain  punctured  or  gunshot  Avounds, 
some  air  may  still  enter  the  lung  by  the  trachea.  As  the  two 
pleurse  form  distinct  chambers,  when  one  only  is  punctured, 
the  corresponding  lung  alone  becomes  collapsed,  and  though 
respiration  is  embarrassed,  death  does  not  necessarily  ensue. 
If,  however,  both  pleurse  are  simultaneously  Avounded,  both 
lungs  collapse,  and  death  folloAvs  from  asphyxia  or  suffocation. 

Expiration. — The  movement  by  Avhich  the  air,  having 
entered  the  lungs  by  an  inspiratory  effort,  is  again  driven 
from  them,  is  more  passive  in  its  character  than  that  of  in- 
spiration, depending  less  upon  muscular  action,  but  more  on 
the  relaxation  of  the  inspiratory  muscles  and  on  the  elastic 
resilience  of  the  organs  and  tissues  concerned. 

As  the  muscles  of  inspiration  cease  to  act,  the  tendinous 
part  of  the  diaphragm,  the  chief  of  those  muscles,  ascends  into 
the  thorax,  folloAved  by  the  abdominal  viscera,  Avhich  are 
supported  in  their  upward  movement  by  the  cooperation  of 
the  muscles  of  the  abdominal  Avails.  At  the  same  time,  the 
ribs,  and  the  sternum,  Avhich  Avere  elevated,  descend,  and  fall 
back,  Avhilst  the  effects  of  the  rotation  of  the  ribs,  are  counter- 
acted by  the  elastic  recoil  of  the  costal  cartilages.  Lastly,  the 
elasticity  of  the  lungs  themselves,  filays  a most  important  part, 
acting  like  an  extended  spring  let  loose,  and  serving  to  expel 
the  air  from  the  air-tubes  and  air-cells.  The  longitudinal  and 
circvdar  fibres  of  the  bronchi  and  bronchia,  shorten  and  narrow 
those  tubes ; the  elastic  walls  of  the  air-cells,  diminish  their 
size,  and  the  interlobular,  and  especially  the  subpleural  elastic 
tissues,  aid  powerfully  in  compressing  every  portion  of  the 
lung. 

The  importance  of  the  elasticity  of  the  component  structures 
of  the  lungs,  as  an  expiratory  force,  is  shoAvn  by  an  experi- 
ment, Avhich  also  illustrates  the  mode  in  Avhich  a lung  expands 
by  the  removal  of  atmospheric  pressure  from  its  OAAter  surface, 
and  by  the  concurrent  entrance  of  air,  under  its  ordinary  pres- 
sure, into  the  bronchial  tubes.  A bell-shaped  glass  jar,  hav- 
ing a wide  mouth  beloAV,  and  a strong  open  neck  at  its  upper 
end,  has  the  latter  opening  fitted  with  a perforated  cork  tightly 


-122 


SPECIAL  PirrSIOLOSY. 


cemented  in.  The  lower  end  of  a glass-tube,  about  ^ inch 
Avide  and  1 foot  long,  is  closely  secured  into  the  bronchus 
of  a sheep’s  lung ; the  upper  end  of  this  tube  is  then  pas.sed 
up  into  the  bell-shaped  glass  jar,  and  pushed  through  the  hole 
in  the  cork,  until  the  lung  is  suspended  high  up  in  the  jar ; 
the  tube  is  then  hermetically  cemented  to  the  orifice  in  the 
cork,  its  upper  end  being  left  free  and  open.  A piece  of  moist- 
ened bladder,  in  the  centre  of  which  a stop-cock  is  closely  tied, 
so  as  to  project  outAvards,  is  now  placed  loo.sely  OA'er  the 
mouth  of  the  jar,  and  is  tightly  secured  to  its  rim,  by  cord. 
When  the  apparatus  is  held  upright,  the  glass-tube  repre- 
sents the  trachea,  and  the  bell-shaped  jar  may  be  compared  to 
the  thorax,  with  this  difierence,  however,  that  its  sides  are  not 
movable,  and  are  not  in  contact  Avith  the  lung;  lastK’,  the 
loosely  extended  moist  sheet  of  bladder  occupies  the  position  of 
the  diaphragm,  the  upAvard  A'aulted  form  of  Avliich  may  now  be 
imitated,  by  opening  the  stop-cock  in  the  centre  of  the  bladder, 
thrusting  this  latter  up  into  the  bell-jar,  and  then  closing  the 
stop-cock.  In  this  position,  the  bladder  is  supported  by  the 
atmospheric  pressure,  and  the  suspended  lung  is  quiescent.  On 
noAv  pulling  the  stop-cock  doAvuAvards,  the  bladder  descends, 
imitating  the  descent  of  the  diaphragm,  the  atmospheric  pres- 
sure on  the  surface  of  the  suspended  lung  is  removed,  and,  in 
anticipation  of  the  threatened  vacuum,  air  enters  through  the 
glass  tube  into  the  interior  of  the  lung,  Avhich,  as  may  be  seen 
through  the  jar,  immediately  becomes  inflated.  In  this  con- 
dition, the  elastic  tissues  of  the  lung  are  put  upon  the  stretch. 
But  if  the  stop-cock  be  let  go,  the  elastic  resilience  of  this 
organ,  causes  the  lung  once  more  to  contract,  and  the  artificial 
diaphragm  of  moist  bladder  again  ascends  into  the  jar,  until 
the  atmospheric  equilibrium  inside  and  outside  the  lung,  is  re- 
established. The  experiment  may  be  repeated  again  and  again, 
the  accidental  entrance  of  an  excess  of  air  betAveen  the  sides  of 
the  jar  and  the  surface  of  the  lung,  being  remedied  by  open- 
ing the  stop- cock,  thrusting  the  bladder  Avell  up  into  the  jar, 
and  then  closing  it  again.  If  desired,  a manometer  may  be 
adapted,  by  a separate  opening,  to  the  top  of  the  jar,  so  as  to 
measttre  the  expanding  force  used  in  distending  the  lung,  as 
the  bladder  is  draAvn  doAvn.  The  tAvo  lungs  of  a dog,  con- 
nected Avith  the  trachea,  answer  for  this  experiment  as  Avell 
as  the  sheep’s  lung;  but  the  elasticity  of  the  lung  of  the  seal 
or  the  lion,  is  much  greater.  The  elastic  force  of  the  human 
lung,  has  been  calculated  at  8 oz.  per  square  inch  of  surface, 
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being  equal  to  about  150  lbs.  in  the  male,  and  about  124  lbs. 
in  the  female  (Hutchinson). 

It  has  been  shown  experimentally,  that  the  contractility  of 
the  unstriped  muscular  fibres  of  the  air-tubes,  is  excited  by 
electricity,  as  well  as  by  chemical  and  mechanical  stimuli ; and 
it  has  been  suggested  that  they  may  assist  in  expelling  air 
from  the  lungs ; but  the  slow  action  of  organic  muscular  fibres, 
renders  it  unlikely  that  they  cooperate  in  movements  so  rapid 
as  those  of  respiration ; it  is  more  probable  that  they  regulate 
the  diameter  of  the  air-tubes,  and  perhaps  aid  in  expelling 
mucus,  or  other  secretions,  fi-om  the  smaller  tubes.  The  cilia, 
which  exist  throughout  the  aii’-tubes,  from  the  entrance  of  the 
air-cells  upwards  beyond  the  larynx,  not  only  assist  in  the  diffu- 
sion of  moisture  over  the  interior  of  these  tubes,  but  perhaps 
also  in  retaining  particles  of  dust  which  abound  in  the  air,  and 
so  preventing  their  reaching  the  air-cells,  and  likewise  in  im- 
pelling upwards  towards  the  glottis,  mucus  and  entangled 
particles  of  matter.  The  current  produced  by  these  cilia, 
always  sets  in  the  up)ward  direction. 

Ordinary  expiration  is  undoubtedly  aided  by  certain  proper 
expiratory  nnrscles,  especially  by  the  inUrnal  intercostals. 
These  muscles  occupy  only  the  anterior  three-fourths  of  the 
intercostal  spaces,  being  absent  at  the  back  part  of  the  chest; 
they  are  placed  inside  the  external  intercostals.  Their  fibres 
pass,  in  each  space,  from  above,  downwards  and  hackivards,ov  in 
the  opposite  direction  to  the  fibres  of  the  external  intercostals. 
As  already  alluded  to,  the  forepart  of  these  muscles  near  the 
sternum,  especially  of  the  four  or  five  upper  ones,  is  said  to 
assist  in  elevating  the  ribs  in  inspiration ; but,  elsewhere, 
these  muscles  depress  the  ribs,  invert  their  lower  edges,  and 
diminish  the  width  of  the  intercostal  spaces,  thus  acting  as 
expiratory  muscles,  diminishing  the  capacity  of  the  thorax 
both  fi'om  before  backwards,  and  in  width.  Within  the  internal 
intercostals  are  situated  the  infracostals,  small  muscular 
bundles,  having  the  same  direction  as  the  internal  intercostals, 
but  reaching  over  two  or  three  spaces ; they  are  also  expira- 
tory muscles.  The  triangulares  sterni,  small  thin  muscles, 
found  on  the  internal  surface  of  the  sternum  and  cartilages  of 
the  true  ribs,  likeivise  cooperate  in  expiration  ; some  main- 
tain, however,  that  a portion  of  these  muscles  is  inspiratory. 
The  auxiliary  muscles  of  expiration,  are  the  upper  part  of  the 
serratus  magnus,  when  the  scapula  is  previously  fixed ; the 
posterior  inferior  serrati,  which  pass  from  certain  dorsal  and 
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lumbar  vertebrae  upwards  to  the  last  four  ribs;  the  quadrati 
lumborum  muscles,  which  ascend  from  the  pehds  and  lumbar 
vertebrae  to  the  lower  ribs ; certain  portions  of  the  loni 
muscles  of  the  back,  known  as  the  erector es  spince-,  and,  lastly, 
the  abdominal  muscles  which  are  concerned  in  dratving  the 
lower  ribs  downwards  and  inwards,  such  as  the  external  and 
internal  obliqui,  the  transversales,  the  recti,  and  pyramidales 
muscles.  The  abdominal  muscles  assist,  even  in  ordinary 
expiration,  by  supporting  or  raising  upwards  and  backwards 
the  abdominal  viscera,  when  the  relaxation  of  the  diaphragm 
causes  these  to  ascend.  In  extremely  forcible  expiration,  as  in 
powerful  inspiration,  all  the  muscles  of  the  body  may  be  brought 
into  some  action.  It  is  remarkable  that  a single  small  muscle, 
the  arytenoid  (vol.  i.  p.  258),  which  closes  the  aperture  of  the 
glottis,  may,  by  an  act  of  the  wiU,  be  made  to  counteract 
the  powerful  efforts  of  the  ordinaiy  and  auxiliary  muscles  of 
expiration.  Under  this  condition,  the  walls  of  the  thorax  are 
rendered  tense  and  firm,  so  as  to  form  a solid  base  of  support 
for  the  forcible  use  of  the  upper  limbs.  So  also  in  volimtary  or 
involuntary  abdominal  expulsive  efforts,  the  chest  is  usually  first 
filled  by  an  inspiratory  act,  in  which  the  diaphragm  descends, 
and  then,  the  glottis  being  closed,  the  diaphragm  is  fixed, 
and  the  abdominal  and  auxiliary  expiratory  muscles  come 
into  action,  so  as  to  compress  the  abdominal  contents. 

The  movements  of  inspiration  and  expiration  which  con- 
stitute a complete  respiratory  act,  succeed  each  other  alter- 
nately, from  the  moment  of  birth  until  that  of  death ; and 
this  character  of  succession  is  named  the  rhythm  of  the  respi- 
ratory acts. 

The  number  of  complete  respirations  in  a given  time,  varies 
according  to  many  conditions.  In  the  adult,  the  respirations 
vary  fi'om  14  to  18  per  minute ; in  childhood,  at  about 
five  years  of  age,  they  are  said  to  be  about  26  per  minute; 
Avhilst  at  birth,  they  are  as -many  as  40  to  50;  in  extreme  age, 
the  fi-equency  of  the  respirations  is  again  increased.  Persons 
of  small  stature,  breathe  more  quickly,  but  less  deeply,  than 
taller  people.  The  re.spirations  are  less  frequent,  but  deeper 
in  the  male,  than  in  the  female.  The  number  of  respirations 
is  increased  by  exercise  and  work,  by  food,  stimulants,  and 
moderate  cold,  and  at  great  altitudes  ; Avhilst  it  is  diminished 
in  sleep,  by  moderate  heat,  by  increased  barometric  pressure 
(see  p.  220),  by  starvation,  and  by  depressing  influences  and 
agents  generally.  It  is  curious  that  if  the  attention  be 
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directed  to  the  breathing,  the  number  of  respiratory  acts 
is  usually  diminished.  In  quick  'walking,  the  respirations 
may  be  30  in  a minute;  in  running,  70;  and  in  violent 
efforts,  as  many  as  100  per  minute.  In  sleep,  the  respira- 
tions are  slow,  because  the  interval  between  expiration  and 
inspiration,  is  unusually  prolonged.  As  elsewhere  noticed, 
there  is  a certain  ratio,  in  health,  between  the  number  of  the 
respirations,  and  that  of  the  beats  of  the  heart,  the  proportion 
between  them  being  in  the  adult,  usually  about  1 to  4. 
In  childhood,  the  respirations  are  relatively  quicker,  their 
proportion  to  the  pulse,  being  from  1 to  3 or  3^.  The 
ordinary  ratio  between  the  respirations  and  the  pulse,  is 
maintained  in  the  daily  and  seasonal  variations  of  the  latter. 
But  in  certain  diseases,  it  is  seriously  disturbed,  and  forms 
an  important  guide  in  medical  practice ; thus  in  pneu- 
monia or  inflammation  of  the  lungs,  the  respirations  are 
so  quickened,  through  embarrassed  function  from  congestion 
of  the  vessels,  that  the  ratio  may  even  be  as  1 to  2.  In 
hysteria,  the  respirations  are  also  much  increased  in  proportion 
to  the  pulse.  In  typhoid  states,  and  in  narcotic  poisoning, 
the  respirations  become  so  slow,  owing  to  some  influence  on 
the  nervous  centres,  that  their  ratio  to  the  pulse  may  be  as 
1 to  8. 

The  whole  period  occupied  by  a complete  respiration,  is 
divisible  into  three  stages — viz.  an  inspiratory  and  an  expira- 
tory stage,  followed  by  a pause,  or  stage  of  rest.  According 
to  some,  there  is  also  a pause  between  inspiration  and  expira- 
tion, but  this  can  very  seldom  be  recognised  or  measured. 
The  total  period  of  a respiration,  being  represented  by  10, 
the  inspiratory  movement  occupies  5 parts,  the  expiratory  4, 
and  the  recognisable  pause  between  this  and  the  succeeding 
respiratory  act,  1.  The  period  of  motion,  to  that  of  rest,  is 
therefore  as  9 to  1 (Walshe).  According  to  Vierordt,  the 
period  of  inspiration  being  equal  to  10,  that  of  expiration,  to- 
gether with  the  pause,  is,  in  deep  respirations,  14 ; in  quick 
breathings,  24.  As  he  estimates  the  pause  at  one-fifth  of  the 
whole  period,  the  ni'imbers  representing  the  inspiration,  the 
expiration,  and  the  pause,  would,  in  the  former  case,  be  10,  9, 
and  5,  and  in  the  latter  10,  17,  and  7.  According  to  recent 
observations  with  the  sphygmograph  and  kymographion,  the 
whole  respiration  period  being  15,  inspiration  occupies  4, 
expiration  2,  and  the  pause  9 parts ; the  ratio  of  the  move- 
ment to  the  pause,  is  as  2 to  3 (Sanderson).  In  the  disease 
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called  emphysema,  which  consists  in  a dilatation  of  the  air- 
cells,  the  periods  of  expiration  and  inspii-ation  are  equal,  or 
the  former  is  even  longer  than  the  latter.  In  cases  of  tuber- 
cular deposit,  the  expiration  is  also  prolonged. 

The  force  exercised  by  the  inspiratory  muscles  in  ordinary 
respiration,  in  an  adult  man,  varies  from  about  1’5  inch  to 
4- 5 inches  of  mercury  ; but,  in  exceptional  cases,  it  may  rise 
to  even  7 inches.  This  force  increases  more  rapidly  than  the 
actual  amount  of  expansion  of  the  chest,  for  when,  in  the  same 
body,  70,  90,  190,  and  200  cubic  inches  of  air  Avere  injected 
into  the  lungs,  the  pressure  Avas  found  to  be  1',  1'5,  3‘25,  and 
4‘5  inches  pf  mercury.  The  expiratory  force  is,  on  an  average, 
about  one-third  or  one-fourth  stronger  than  the  inspiratoiy 
force,  varying  from  2'  to  5 8 inches  of  mercury,  and  rising 
even,  in  certain  cases,  to  10‘  inches  (Hutchin.son).  This  is 
due  to  the  cooperation  of  the  elasticity  of  the  lungs,  and  the 
resilience  of  the  chest  Avails,  Avith  the  muscular  effort.  The 
force  of  the  inspiration,  i.«,  therefore,  the  sev'erer  test  of  the 
strength  of  the  body.  The  expiratory  power  is  said  to  be 
gi-eater  in  men  of  5 feet  7 or  5 feet  8 inches  in  height,  than  in 
those  either  above  or  below  that  stature. 

The  entrance  and  escape  of  the  air  into,  and  out  of.  the  air- 
tubes  and  air-cells,  during  inspiration  and  expii-ation,  produce 
certain  sounds  named  respiratoni  murmurs,  Avhich  may  be 
heard  by  the  ear  placed  on  the  chest  or  by  aid  of  the  stetho- 
scope. In  health,  the  inspiratory  and  expiratory  mumiurs, 
named  the  bronchial  or  tubular  sounds,  AA’hich  depend  on  the 
movement  of  the  air  through  the  air-tubes,  are  heard  oA'er 
the  site  of  the  larger  bronchia,  between  the  scapulte,  and  over 
and  near  the  upper  part  of  the  sternum.  They  are  distinct 
and  characterised  by  a soft  bloAving  noise;  those  of  inspiration 
and  expiration,  are  of  nearly  equal  duration.  The  vesicular 
respiratory  murmurs,  dependent  upon  the  entrance  and  escape 
of  the  air  in,  and  out  of,  the  air-cells,  are  only  faintly  audible, 
like  a gentle  breezy  noise ; the  expiratory  A’esicular  murmur 
is  Aveaker,  and  three  or  fomr  times  shorter,  than  the  inspira- 
tory murmur.  The  duration  of  the  sounds,  is  altered  by  the 
same  causes  as  those  Avhich  modify  the  length  of  the  move- 
ments of  inspiration  and  expiration. 

Aeeiimulations  of  mucus  or  other  secretions  in  the  air-tubes,  pro- 
duce abnormal  sounds,  which  are  named  rlwnchi,  or  rales.  These  vary 
in  character,  according  to  the  seat,  quantity,  and  nature  of  the  secreted 
matters.  Thus,  a fine  crepitant  rhonchus  is  produced  by  fluid  exudation 
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in  the  air-cells,  in  pneumonia ; a sub-crepitant  rhonchus  arises  from  the 
bubbling  of  air  through  fluid  in  the  smaller  air-tubes ; a sonorous  rhon- 
chus, with  its  snoring,  rasping,  and  cooing  varieties,  depen  's  on  obstruc- 
tions in  the  larger  air-tubes ; a sibilant,  or  whistling,  rhonchus  is  caused 
by  mucous  accumulations  in  the  air-passages  ; and,  lastly,  a cavernous 
rhonchus  is  produced  in  cavities,  or  caverns,  in  the  lung,  formed  in  the 
destructive  stage  of  phthisis.  Peculiar,  harsh,  rubbing,  or  grating  noises, 
'aa.meA.  friction  sounds,  frequently  heard  in  inflammation  of  the  pleura, 
are  caused  by  the  rubbing  of  rough  exudations  of  lymph  effused  on 
the  pulmonary  or  costal  pleura.  Again,  the  relative  amount  of  air  and 
tissue  in  different  parts  of  the  thorax,  causes  differences  in  the  sounds 
produced  by  percussion  with  the  fingers,  or  otherwise,  at  different 
points  of  the  thoracic  surface.  The  percussion  sound  over  the  lungs,  is 
more  hollow,  or,  as  it  is  termed,  resonant,  than  over  the  heart,  or  great 
bloodvessels  ; the  ascent  of  the  convex  liver  into  the  concave  base  of 
the  right  lung,  the  two  being  of  course  separated  by  the  diaphragm, 
alters  the  percussion  sound,  by  diminishing  the  resonance  at  the  base  of 
the  right  side,  of  the  chest.  The  chest  is  more  resonant  over  the  great 
bronchi,  than  at  other  parts  of  the  lungs.  The  resonance  is  everywhere 
greater  in  thin  persons.  Various  changes  in  the  lungs,  produce  great 
alterations  in  the  resonance  of  the  corresponding  parts  of  the  chest ; 
congestions,  thickenings,  consolidations,  accumulations  of  fluid  as  in 
hydro-  or  hsemo-thorax,  or  empyema,  and  the  presence  of  tumours, 
cause  dulness  in  the  percussion  sounds ; whilst  an  abnormal  amount 
of  air,  either  in  dilated  or  ruptured  air-cells,  as  in  emphysema,  or  in 
the  cavities  excavated  in  the  lung-substance,  as  in  phthisis,  or  in  the 
pleural  chamber,  as  in  pneumo-thorax,  cause  an  increased  degree  of  re- 
sonance on  percussion.  Lastly,  the  term  voccd  resonance  is  applied  to 
the  sound  heard  on  the  surface  of  the  chest,  whilst  the  person  is  speak- 
ing ; it  is  also  modified  by  various  internal  conditions.  A vibration 
felt  on  the  walls  of  the  chest,  during  speaking,  is  called  the  vocal  fre- 
mitus. 

The  rhythmic  movements  of  respiration,  are  governed  by  a 
special  part  of  the  nervous  centres,  cooperating  Avith  certain 
nerves.  The  rhythmic  movements  of  the  heart,  not  yet  fttlly 
explained,  are  performed  by  a muscular  organ,  itself  entirely 
uninfluenced  by  the  Avill.  But  the  muscles  of  respiration  are 
truly  subject  to  the  Avill.  We  can  increase  or  diminish  the 
rapidity  and  force  of  these  movements,  according  to  our  plea- 
sure ; Ave  may  imitate  them,  and  can  interrupt  or  arrest  them  at 
any  cho.sen  point  of  the  respiratory  act.  This  latter  poAver  is, 
however,  of  limited  duration.  Very  prolonged  interruption 
of  the  respiration,  produces  convulsions.  But,  even  after  a 
period  of  from  twenty  to  thirty  seconds,  there  arises,  Avhen 
the  breath  is  held,  a feeling  so  distressing,  that  it  overcomes 
the  most  poAverful  volition.  This  feeling,  termed  ivant  of 
breath,  at  last  irresistibly  compels  the  resumption  of  the  respi- 
ratory acts.  Like  other  sensations,  it  has  its  seat  in  some 
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portion  of  the  grey  substance  of  the  nervous  centres,  and 
these  being  irritated,  excite  the  motor  nerves  of  the  muscles 
of  inspiration,  which  are  then  thrown  into  involuntary  action. 
The  ordinary  respiratory  movements  are  also  involuntary ; 
they  continue  to  be  regularly  performed  during  the  pro- 
foundest  sleep,  in  a state  of  coma,  in  deformed  infants  in 
which  the  cerebrum  is  deficient,  and,  for  a time,  even  in  ani- 
mals after  the  head  has  been  removed. 

The  respiratory  movements  are,  indeed,  the  most  striking 
examples  of  reflex  movements  in  the  body.  Their  nature  has 
already  been  generally  discussed  (vol.  i.  p.  346).  The  afferent 
or  excitor  nerves  of  inspiration  are  the  pulmonary  branches 
of  the  pneumo-gastric  and  sympathetic  nerves,  which  latter 
contain  fibres  derived  from  the  spinal  cord  ; also  the  cutane- 
ous nerves  of  the  face  belonging  to  the  fifth  cranial  pair,  and 
the  cutaneous  nerves  of  the  body  generally.  The  nasal  nerves 
and  the  laryngeal  branches  of  the  pneumo-gastric,  excite  expi- 
ratory movements,  as  in  sneezing  and  coughing.  The  nervous 
centre  which  governs  the  respiratory  movements,  is  a limited 
portion  of  the  grey  matter  of  the  medulla  oblongata  opposite 
the  roots  of  the  pneumo-gastric  nerves,  as  has  been  proved 
experimentally  (vol.  i.  p.  354-5).  The  so-called  vital  knot,  at 
the  back  of  the  medulla,  corresponds  with  the  interval  between 
the  occipital  bone  and  the  arch  of  the  axis ; in  this  space,  an 
animal  may  be  suddenly  killed  by  introducing  a sharp,  strong 
knife,  so  as  to  pith  it,  or  divide  the  medulla.  The  efferent  or 
motor  respiratory  nerves  are : the  phrenic  nerves,  which  supply 
the  diaphragm  ; the  intercostal  nerves,  which  supply,  amongst 
others,  the  muscles  of  that  name ; the  long  thoracic,  or  so-called 
external  respiratory  nerves  of  Bell,  which  are  distributed  to 
the  serrati  muscles ; the  spinal  accessory  nerves,  which  supply 
the  trapezii  muscles ; and  the  facial  nerves.  In  extreme 
respiratory  efforts,  other  motor  nerves,  are  of  course  con- 
cerned. The  reflected  stimulus  is  conveyed  to  the  roots  of 
these  nerves,  along  a particular  tract  of  the  spinal  cord,  situ- 
ated behind  the  anterior  roots  of  the  spinal  nerves,  and  descend- 
ing along  the  lateral  columns  of  the  cord,  from  between  the 
olivary  and  restiform  bodies ; this  is  the  respiratory  tract  of 
Sir  C.  Bell,  but,  except  as  a path  of  special  conduction,  it  has 
no  respiratory  influence.  It  is  remarkable  that  the  phrenic 
nerves  which  supply  the  diaphragm,  the  most  active  muscle  in 
inspiration,  arise  from  the  cervical  plexus,  and  therefore 
from  a part  of  the  cord  much  higher  than  the  roots  of  the 
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higliest  intercostal  nerves.  Hence  it  happens  that  in  certain 
injuries  or  diseases  of  the  spinal  cord,  Avhen  the  seat  of  these  is 
above  the  origins  of  the  intercostal,  but  below  those  of  the 
phrenic  nerves,  costal  respiration  niay  be  entirely  abolished, 
whilst  diaphragmatic  breathing  goes  on.  In  such  cases,  how- 
ever, death  ultimately  occurs  from  asphyxia,  caused  by  the 
slow  exudation  of  fluid  into  the  lungs. 

The  respiratory  movements  being  regarded  as  reflex  or 
excito-motor,  the  first  act  of  inspiration  performed  at  birth, 
is  said  to  be  induced  by  the  stimulus  of  cold  acting  on  the 
excitable  extremities  of  the  fifth  cranial  ner%ms,  which  supply 
the  nasal  fosste  and  the  skin  of  the  face,  and  also  on  those  of 
the  cutaneous  neiwes  of  the  whole  body.  Cold,  or  a smart 
blow  applied  to  the  surface  of  the  body  of  an  apparently  still- 
born infant,  will  sometimes  excite  inspiration  ; and,  moreover, 
if  the  face  of  an  infant  be  protected  by  warm  covering,  the 
first  inspiratory  act  may  be  postponed  (Marshall  Hall).  Once 
established,  the  reflex  respiratory  movements  are  believed  to 
be  excited  by  a peculiar  stimulus,  accompanying  the  sum  of 
disagreeable  sensations  included  in  the  feeling  of  want  of 
breath.  By  some,  it  is  supposed  that  the  venous  blood,  de- 
prived of  oxygen,  and  loaded  with  carbonic  acid  gas  and  other 
effete  matters,  owing  to  the  periodic  interruption  to  the  process 
of  oxygenation,  may  be  the  cause  of  some  of  those  disagreeable 
feelings,  and  may  periodically  stimulate  the  medulla  and 
spinal  cord,  and  so  rhythmically  excite  the  motor  nerves  of 
inspiration ; according  to  others,  it  is  rather  the  Avant  of 
oxygen,  which  excites  the  movements,  for  an  excess  of  that 
element  enfeebles  them. 

The  division  of  one  vagirs  nerve  in  an  animal,  as  a rule, 
lowers  the  frequency  of,  and  embarrasses,  the  respiration,  and 
the  lungs  become  sometimes,  but  not  ahvays,  the  seat  of  ex- 
travasations of  blood.  Division  of  both  vagi  nerves  in  the 
neck,  immediately  diminishes  the  frequency  of  the  respirations 
to  one-half,  and  later  to  one-third,  or  even  one-fburth,  of  the 
normal  number ; the  inspirations  become  not  only  sloAver,  but 
deeper,  embarrassed,  and  puffing,  or  spasmodic  ; the  expira- 
tions, on  the  other  hand,  are  shorter ; whilst  the  pause 
between  the  expiration  and  the  succeeding  inspiration,  be- 
comes more  and  more  prolonged,  Avhicli  accounts  for  the 
diminished  number  of  respiratory  acts  in  a given  time.  Death 
usually  takes  place  after  from  two  to  six  days ; the  blood  first 
becomes  darker,  as  indicated  by  blueness  of  the  lips,  the  tern- 
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perature  sinks,  and  the  animal  dies  of  asphyxia.  Congestion 
of  the  pulmonary  vessels,  extravasations  of  blood,  and  exuda- 
tions of  frothy  sanguineous  serum  and  mucus,  are  found  in 
the  air-cells  and  bronchial  tubes,  and  partial  solidification  of 
the  lung  tissue  occurs.  Sometimes,  however,  death  appears 
to  ensue  from  disturbance  of  the  digestive  functions ; but  if 
these  be  recovered  from,  the  animals  may  then  live  for  many 
days.  The  continuance  of  the  respiratory  movements,  for  a 
time,  after  division  of  the  pneumo-gastric  nerves,  depends  on 
the  excitability  of  the  other  afferent  nerves  of  the  body,  espe- 
cially of  those  of  the  skin.  It  seems  doubtful  whether  the 
unstriped  muscular  fibres  of  the  bronchial  tubes,  can  be  excited 
through  the  pneumo-gastric  nerves.  Their  contractility  is 
soon  exhausted  by  stimuli  directly  applied  to  them;  moreover, 
it  is  lessened  by  certain  narcotics,  especially  by  belladonna 
and  stramonium ; hence  the  use  of  such  remedies  in  asthma, 
in  relieving  the  paroxysms  of  dyspnoea,  which  are  supposed  to 
be  due  to  a spasmodic  contraction  of  these  organic  muscular 
fibres. 

The  respiratory  apparatus  is  employed,  either  voluntarily 
or  involuntarily,  in  many  other  acts  necessary  to  the  economy, 
or  conducive  to  its  comfort.  In  these,  the  movements  of 
respiration  are  sometimes  accelerated  or  strengthened,  and 
sometimes  diminished  or  checked. 

Thus,  speaking,  singing,  shouting,  and  whistling,  are  voli- 
tional movements,  requiring  special  voluntary  efforts  of  ex- 
piration, often  modified  and  graduated  in  the  most  varied  yet 
exact  manner,  and  supported  by  inspirations  performed  at 
stated  and  suitable  times.  The  act  of  spitting  consists  of  a 
sudden  expiration,  accompanied  by  a peculiar  position  of  the 
tongue,  lips,  teeth,  and  cheeks,  having  for  its  object  the  expul- 
sion of  saliva  or  other  accumulations,  from  the  mouth. 

The  semi-voluntary  or  involuntary  acts  which  necessitate 
the  cooperation  of  the  respiratory  apparatus,  are  much  more 
varied.  Thus,  coughing  is  a sudden,  strong  expiration,  ac- 
companied by  a peculiar  noise,  following  a closure  of  the 
glottis  and  of  the  upper  opening  of  the  larynx,  and  usually 
preceded  bj^  a deep  inspiration,  to  give  effect  to  the  cough.  A 
column  of  air,  suddenly  driven  fr’om  the  air-tubes,  as  suddenly 
opens  the  glottis,  and,  being  forced  through  the  mouth,  moves 
on  accumulations  or  foreign  bodies,  and  expels  them  from  the 
bronchi,  trachea,  and  larynx.  Sneezing  consists  of  a quick 
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noisy  expiration,  following  a decided,  sudden,  and  deep  in- 
spiration ; but  the  glottis  is  not  closed,  as  in  coughing,  and 
the  column  of  air  is  not  driven  through  the  mouth,  but  is 
directed,  by  the  closure  of  the  fauces,  into,  and  through,  the 
nasal  fossaj.  The  irritation  which  causes  sneezing,  has  its  seat 
in  those  fossse,  whilst  that  which  induces  coughing,  as  is  well 
known,  resides  in  the  fauces,  the  larynx,  especially  at  the  glottis, 
or  in  the  air-tubes.  The  stimuli  which  excite  coughing,  are 
cold  air,  irritating  gases,  fluids  or  solids,  and  diseased  secre- 
tions. The  noise  of  sneezing,  is  produced  in  the  nose  ; whilst 
that  of  coughing,  originates  at  the  glottis.  Snoring  is  produced 
by  the  resonance  of  the  air  passing,  in  or  out,  through  the 
nasal  cavities  and  the  throat,  owing  to  some  irregular  vibra- 
tions of  the  soft  palate  and  uvula ; it  is  sometimes  dependent 
on  narrowing  of  the  fauces  by  enlargement  of  the  tonsils,  or  on 
other  peculiarities  of  conformation.  In  snoring,  there  is  no 
special  modification  of  the  respiratory  movements  themselves, 
either  as  to  force,  frequency,  or  quickness.  Yawning  consists 
of  a deep  prolonged  inspiration,  the  air  being  drawn  in  through 
the  mouth,  which  is  widely  opened,  by  a consentaneous  spas- 
modic action  of  the  muscles  of  the  lower  jaw ; this  is  then 
followed  by  a slow  expiration,  accompanied  usually  by  a lifting 
of  the  soft  palate,  and  sometimes  by  a prolonged  characteristic 
sound.  It  may  be  accomplished  by  the  will,  and  is  often  the 
result  of  involuntary  imitation.  Sighing  also  consists  of  a 
slow,  deep  inspiration,  mostly  accomplished  through  the  mouth, 
and  followed  by  a prolonged  expiration,  likewise  associated 
with  a peculiar  sound  ; it  often  occurs  after  the  attention  has 
been  strongly  fixed  ; it  is  usually  emotional.  Sobbing  is  pro- 
duced by  rapid  convulsive  contractions  of  the  diaphragm, 
associated  with  closure  of  the  glottis.  In  crying^  the  movements 
resemble  those  of  laughter,  to  be  next  described,  although  they 
are  excited  by  very  different  emotions.  Laughing  consists  of 
a series  of  sudden,  short  expirations,  quickly  succeeding  each 
other,  and  divided,  as  it  were,  by  intermediate  closures  of  the 
glottis,  giving  rise  to  peculiar  interrupted  sounds.  Laughter 
turnishes  an  excellent  example  of  a reflex  respiratory  move- 
ment, excited  either  by  sen.sori-niotor  impressions  acting 
through  certain  cutaneous  nerves,  as  when  it  is  caused  by 
tickling ; or  by  emotional  stimuli,  as  when  it  is  the  result  of 
joy  ; or  by  a volitional  stimulus,  as  when  it  is  imitated  by  the 
actor.  Lastly,  hiccup  is  a short,  sudden  insjriration,  produced 
bj"  a sharp,  convulsive  contraction  of  the  diaphragm,  at  the 
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end  of  wLicli  the  glottis  is  suddenly  and  spasmodically  closed, 
so  that  the  air  strikes  it  from  belou".  Of  these  varied  move- 
ments, some,  such  as  sighing  and  yawning,  may  be  induced  by 
certain  conditions  of  the  respiratory  organs  themselves,  whilst 
others,  such  as  laughing  and  crying,  are  never  so  excited. 

Movement  of  the  Air  in  liespiration  and  Capacity  of  the  Lungs. 
— After  the  lungs  have  been  once  inflated,  as  in  the  neu'-bom 
infant,  they  are  never,  except  from  disease,  entirely  emptied 
of  air.  The  most  forcible  expiration  fails  to  accomplish  this, 
and  the  quantity  of  air  then  retained  in  their  tissue,  is  termed 
the  residual  air.  The  quantity,  above  this,  held  in  the  lungs 
after  an  ordinary  expiration,  but  which  may  be  expelled  by  a 
voluntary  forced  expiration,  is  called  the  reserve  air,  or  some- 
times the  supplemental  'dir.  The  quantity  inspired  and  expired 
at  each  ordinary  respiratory  act,  is  called  the  breathing  or  tidal 
air  ; and  the  still  further  quantity,  which  can  be  di'awn  in  by 
a forcible  inspiration,  is  termed  the  co?)yjZe/«eHtaZ  air  (Julius 
Jeffreys).  The  total  quantity  which,  after  the  deepest  inspira- 
tion, can  be  expelled  by  the  fiillest  expiration,  is  considered 
the  measure  of  the  so-called  vital  capacity  of  the  chest  or  of 
the  individual,  because  it  shows  the  volume  of  air  which  is 
commanded  by  the  vital  movements  of  the  thoracic  -walls.  It 
is  the  extreme  differential  capacity  of  the  chest,  minus  the 
space  occupied  by  the  residual  air,  which  cannot  be  expelled ; 
it  represents  the  total  difference  between  the  fullest  inspiration 
and  the  fullest  expiration.  This  vital  capacity  in  any  indivi- 
dual, is  of  great  importance,  as  indicating  the  extreme  power  of 
breathing  in  exercise  or  effort ; and  it  furnishes  highly  signi- 
ficant information  in  certain  diseases,  especially  in  those  of  the 
lungs  themselves  (Hutchinson). 

The  determination  of  the  actual  quantities  of  air,  which  are 
the  measui-es  of  the  residual,  reserve,  breathing,  and  comple- 
mental  air,  and  that  of  the  total  respiratory  power  or  vital 
capacity  of  the  chest,  is  extremely  difficult.  The  elaborate 
and  successful  researches  of  Hutchinson,  were  made  by  means 
of  his  so-called  spirometer.  This  apparatus  is  really  a minia- 
ture gasometer  ; it  consists  of  an  inner  cylinder,  closed  at  its 
upper  end,  but  open  below,  where  it  dips  into  water  contained 
in  an  outer  lai-ger  cylinder,  which  is  closed  below  and  open 
above  ; and  it  has  a scale,  by  Avhich  its  ascent  and  descent 
can  be  measured.  The  inner  cylinder  is  accurately  balanced, 
by  weights  attached  to  cords  passing  over  pulleys  affixed  to 
the  outer  cylinder.  The  inner  cylinder  being  depressed,  and 
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alloAved  to  fill  -with  water,  the  person  experimented  on,  blows 
air  into  it,  by  a tube  which  passes  beneath  its  open  mouth. 
The  cylinder  is  raised,  and  when  the  expiratory  effort  is  com- 
plete, the  tube  is  closed  by  a stop-cock,  so  as  to  retain  the  air 
in  the  spirometer,  and  its  quantity  is  read  off  upon  the  scale. 

The  residual  air  has  been  variously  estimated  at  from  40  to 
2C0  cubic  inches;  but,  according  to  Hutchinson,  it  ranges  from 
75  to  100  cubic  inches.  It  is  most  difficult  to  measure;  for, 
after  death,  the  lungs  are  not  so  empty  of  air,  as  they  are 
after  forced  expiration  dtu’ing  life,  and  it  is  not  easy  to  esti- 
mate the  difference.  Besides,  although  the  amount  of  residual 
air,  corresponds  generally  with  the  size  of  the  chest,  it  is  influ- 
enced also  by  the  relatit^e  mobility  or  stiffness  of  the  walls,  so 
that  age,  imparting  rigidity  to  the  costal  cartilages,  increases 
the  residual,  at  the  expense  of  the  reserve  or  supplemental  air. 
The  residual  and  reserve  air  together,  are  taken,  in  the  adult 
male,  to  be  from  150  to  200  cubic  inches  (Hutchinson). 

Accurate  estimates  of  the  so-called  breathing  air,  and  vital 
capacity,  are  of  great  importance.  The  breathing  air  has  been 
differently  calculated,  from  10  to  92  cubic  inches;  but,  accord- 
ing to  the  most  recent  observers,  it  ranges,  in  the  adult  male, 
from  16  to  20  cubic  inches  (Hutchinson),  from  17  to  33 
(Vierordt),  from  16  to  25  (Coathupe),  and  from  30  to  39  cubic 
inches,  in  persons  Avhose  stature  varies  from  5 feet  7^  inches 
to  6 feet  (Dr.  E.  Smith).  A fair  estimate  for  a person  of 
mean  height,  5 feet  6^  inches,  would  be  about  20  cubic  inches, 
for  the  average  of  the  day  and  night  respirations.  The  vital 
capacity  in  an  adult  male,  of  the  stature  of  5 feet  7 inches,  is, 
on  an  average,  about  230  cubic  inches,  the  air  being  supposed 
to  be  at  a temperature  of  60°.  The  complemental  air  Avould 
therefore  be  120  cubic  inches. 

The  following  are  the  estimated  quantities,  in  cubic  inches, 
calculated  for  the  daily  and  nightly  average,  in  a man  of  the 
stature  of  5 feet  6^  inches : — ■ 


Eesidual  Air  . 
Reserve  Air 
Breathing  Air  . 
Complemental  Air 


Cubic  Inches 
. 90 

90  I Total  displaceable  Air, 
20  lor  Vital  Capacity  = 

. 120  j 230  cubic  inches. 


Total  Air  after  deepest  Inspiration  320 

These  numbers  cannot  be  regarded  as  absolutely  accurate, 
but  they  illustrate  the  general  proportions.  The  depth  of  an 
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ordinary  inspiration,  as  measured  by  the  breathing  air,  and  tlie 
total  displacement  of  air  in  forced  respirations,  indicating  the 
vital  capacity,  differ  much,  according  to  the  size  of  the  body, 
but  even  in  persons  of  the  same  age,  height,  and  weight,  they 
are  liable  to  variation ; for  they  do  not  merely  depend  on  the 
size  of  the  thorax,  but  necessarily  on  the  mobility  of  its  walls,  and 
on  the  extent  to  which  they  are  actually  moved  in  the  several 
inspiratory  and  expiratory  acts.  This  may  partly  accoimt  for 
the  great  diversity  in  the  estimates  of  the  breathing  air.  The 
vital  capacity  has  been  shown  to  differ  according  to  the  stature ; 
the  variation  in  persons  between  the  heights  of  5 and  6 feet, 
follows  a sort  of  law,  every  additional  inch  of  height  being 
accompanied  by  an  average  increase  of  8 cubic  inches  in  the 
vital  capacity.  Thus  the  capacity  at  5 feet  6^  inches  being  230 
cubic  inches,  that  at  5 feet  would  be  about  174,  whilst  that  at 
6 feet  would  be  about  270  cubic  inches.  The  vital  capacity 
in  women,  is  much  smaller  than  in  men,  the  proportion  being 
almost  as  1 to  2.  It  increases,  in  both  sexes,  from  1.5  to  35 
years  of  age,  at  the  rate  of  about  5 cubic  inches  per  annum ; 
whilst  from  35  to  65,  it  diminishes  by  1-|-  cubic  inch  in  a like 
period.  The  greatest  capacity  met  with  by  Hutchinson,  was  in 
a giant  7 feet  high,  who  weighed  308  lbs. ; his  capacity  was 
4G4  cubic  inches.  The  minimum  was  46  cubic  inches,  and 
occurred  in  a dwarf  measuring  29  inches  in  height,  and  weigh- 
ing only  40  lbs.  Modern  dress  impedes  respiration,  for  a man 
who  could  only  expire  130  cubic  inches  when  his  clothes 
were  on,  accomplished  190  cubic  inches  when  unclothed.  The 
posture  of  the  body  modifies  the  vital  capacity  ; for  if,  in  the 
attitude  of  standing,  it  be  260  cubic  inches,  in  the  sitting 
postui'e  it  is  235,  in  the  recumbent  position  230,  and  in  lying 
on  the  face  220.  The  degree  of  distension  of  the  stomacli, 
likewise  influences  the  vital  capacity  of  the  che.st.  Corpulency, 
in  persons  weighing  more  than  160  lbs.,  diminishes  the  vital 
capacity,  at  the  rate  of  1 cubic  inch  for  every  additional 
pound  up  to  196  lbs.  or  14  stone  weight.  Practice  with  the 
spirometer,  increases  the  power  of  forcing  up  the  inner  cylinder, 
whilst  nervousness  and  awkwardness  operate  the  other  way. 
Hence,  in  the  use  of  this  apparatus,  allowance  must  be  made 
for  all  the  above-mentioned  disturbing  influences ; and,  it  is 
certain,  that  the  so-called  vital  capacity  is  not  strictly  related 
to  the  muscular  power  of  the  individual.  Nevertheless,  it  is 
a valuable  addition  to  our  means  of  diagnosis,  as  to  the  con- 
dition of  the  lungs ; the  obstructed  state  of  those  organs  in  the 


VITAL  CAPACITY  OF  THE  CHEST. 


435 


earlier  stages  of  phthisis,  and  the  deficient  respiratory  movement 
dependent  upon  this  condition,  cause  a serious  diminution  in 
the  vital  capacity,  as  compared  with  the  normal  standard  in 
persons  of  the  same  sex,  age,  and  stature.  A diminution  of 
1 6 per  cent,  in  the  normal  capacity,  is  said  to  indicate  a diseased 
condition  (Hutchinson)  ; but  care  must  be  taken  to  allow  for 
the  effects  of  congestion,  and  of  abdominal  disease. 

If  in  a person  5 feet  6^  inches  in  height,  the  breathing  air 
averages,  during  the  twenty-four  horn’s  of  work,  rest,  and 
sleep,  20  cubic  inches  at  each  inspiration,  and  the  number  of 
respirations  per  minute  for  the  day  and  night,  be  taken  at 
18,  the  quantity  of  air  inspired  and  expired  by  an  adult  man 
of  mean  stature,  in  one  minute  would  be  360  cubic  inches. 
This  would  give  518,400  cubic  inches  or  300  cubic  feet,  for 
the  twenty-lbur  hours.  This  amount  is  less  than  the  total 
daily  quantity  as  estimated  by  Valentin,  which  is  688,348 
cubic  inches;  less  also  than  the  quantity,  viz.  686,000  cubic 
inches,  found  by  Edward  Smith  to  be  the  average  in  four 
adults,  of  a mean  height  of  5 feet  10^  inches,  dm-ing  a state 
of  rest.  During  ordinary  exercise,  the  estimates  of  the  last- 
named  observer,  give  804,780  cubic  inches;  in  the  case  of 
the  actively  employed  labourer,  1,568,390 ; and  during  a day’s 
work,  including  twelve  hour’s  of  Alpine  exercise,  1,764,000 
cubic  inches.  Vierordt’s  estimate  for  the  twenty-four  hours, 
is  732,000  cubic  inches;  but  that  author  as.sumes  the  quan- 
tity of  air  inspired  per  minute,  to  be  450  cubic  inches. 
Edward  Smith  found  it  to  average  500  cubic  inches  in  the 
day,  and  400  during  the  night,  in  four  persons  of  the  mean 
stature  of  5 feet  10-|-  inches. 

It  has  been  estimated  that,  with  a vital  capacity  of  200 
cubic  inches,  the  force  employed  in  making  the  necessary  full 
inspiration,  is  equal  to  the  raising  of  300  lbs.  weight  upon  the 
surface  of  the  chest ; but  in  forcible  expiration,  the  power 
exerted  is  much  greater.  In  ordinary  breathing,  sirpposing 
the  quantity  of  air  inspired  to  be  20  cubic  inches,  the  resist- 
ance overcome  by  the  inspiratory  muscles,  is  equal  to  a weight 
of  200  lbs. 

Changes  in  the  Air  from  Respiration. 

The  air  expired  from  the  chest,  differs  in  three  respects 
from  that  which  is  inspired.  It  is  increased  in  temperature., 
except  of  course  when  the  inspired  air  is  already  hotter  than 
1 the  body  itself.  It  contains,,  as  a rule,  more  moisture,  unless 
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when  it  is  previously,  and  exceptionally,  saturated  ^dth  Avatery 
vapour.  Lastly,  it  rmdergoes  important  changes  of  compo- 
sition^ the  chief  of  Avhich  consist  in  a loss  of  oxygen  and  an 
addition  of  carbonic  acid. 

The  increase,  of  temperature  in  the  expired  air,  is  regulated 
by  the  temperature  of  the  air  taken  into  the  lungs.  When 
the  sui’i'ounding  air  is  cold,  the  increase  is  not  quite  so  great 
as  when  its  temperature  is  nearer  that  of  the  body ; but  the 
difference  is  less  than  might  be  supposed.  With  the  thermo- 
meter at  from  50°  to  68°,  the  expired  air  has  a temperature  cf 
95°  to  100° ; whilst  if  the  external  temperature  be  32°  or 
freezing-point,  then  the  expired  air  is  not  more  than  86°. 
According  to  Valentin,  however,  in  ordinary  breathing,  the 
temperatiue  of  the  expired  air  in  the  svinter,  is  only  1°  less 
than  that  of  the  air  expired  in  summer.  In  tranqtiil  respira- 
tion, the  expired  air  becomes  comparatively  warmer  than  in 
rapid  breathing,  as  if,  in  the  latter  case,  sufficient  time  Avas 
not  allowed  for  tlie  air  to  gain  Avarmth.  The  increased 
Avarmth  of  the  expired  air,  necessarily  causes  an  increase  of 
Amlume,  but  this  is  partly  neutralised  by  a small  loss  of  air  in 
respiration,  OAving,  as  Ave  shall  see,  to  the  absorption  of  more 
atmospheric  oxygen  by  the  lungs,  than  is  equal  to  the  car- 
bonic acid  exhaled.  The  actual  volumes  of  the  inspired  and 
the  expired  air,  are  as  97'2  to  99'5  ; but,  after  the  equalisation 
of  their  temperature,  the  volume  of  the  expired  air,  is 
so  reduced,  that  it  becomes  less,  by  the  amoimt  of  oxygen 
absorbed  in  excess  of  that  of  the  carbonic  acid  given  out. 

The  surplus  of  watery  vapour  in  the  expired  air,  as  com- 
pared Avith  that  in  the  inspired  air,  depending  on  the  hygro- 
metric  condition  of  the  air  before  it  is  breathed,  it  becomes 
difficult  to  estimate  the  daily  quantity  of  Avater  actually 
exhaled  from  the  lungs.  This  has,  hoAvever,  been  variously 
calculated  at  from  11  to  16  oz.,  or,  as  an  approximate  average, 
at  15  oz.  per  diem ; but  the  quantity,  according  to  modifying 
circumstances,  ranges  from  6 to  27  oz.  The  source  of  this 
Avapour,  is  the  Avater  of  the  blood,  and  thus,  like  the  aqueous 
basis  of  the  secretions  and  excretions,  it  must  assist  in  regu- 
lating the  degree  of  Huidity  of  the  blood.  Some  of  the  A-apor.r 
of  the  breath,  comes  from  the  fauces,  mouth,  and  nose,  but  the 
greater  part,  fi-om  the  air-cells  and  air-tubes.  It  Avould  seem 
that  a small  quantity  of  hydrogen  is  converted  into  Avater  in 
the  respiratoiy  process,  and  may  also  come  to  be  thus  expelled. 
After  taking  food,  or  alcohol,  the  pulmonary  exhalation  is  said 
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to  be  increased,  but  it  is  lessened  during  fasting.  As  a rule, 
the  expired  air  is  almost  completely  saturated  witli  vapour, 
holding  as  much  as  it  can  dissolve,  according  to  its  tempe- 
rature ; but  this  is  true  only  of  calm  respiration ; for  in 
hurried  breathing,  neither  can  the  air  be  elevated  to  its 
highest  temperature,  nor  can  it  be  completely  saturated  with 
moisture.  The  more  calmly  air  is  breathed,  the  greater  the 
loss  of  water  by  the  lungs.  Lastly,  the  drier’  the  inspired  air, 
the  greater  must  be  the  amount  of  pulmonary  exhalation ; for, 
in  breathing  air  already  perfectly  saturated,  only  such  further 
quantity  of  water  can  be  added  to  it,  as  its  increase  of  tem- 
perature in  the  lungs,  Avill  enable  it  to  dissolve.  The  inhala- 
tion of  actual  vapour,  stops  the  pulmonary  exhalation.  So,  too, 
when  the  temperature  of  the  surrounding  air,  is  100°  or  102°, 
and  it  is  already  saturated,  the  temperature  of  the  blood  itself 
being  about  the  same,  no  further  exhalation  of  water  from  the 
lungs,  is  possible ; nor  can  the  skin  then  give  off  more  watery 
vapour.  Under  such  circumstances,  the  kidneys,  and  perhaps 
also,  though  to  a slight  extent,  the  mucous  membrane  of  the 
intestines,  excrete  more  actively.  The  pulmonary  exhalation 
contains,  besides  water,  traces  of  carbonic  acid,  ammonia, 
chlorides,  urates,  and  even  some  albuminoid  substance,  and 
it  readily  undergoes  decomposition. 

The  changes  in  the  composition  of  the  expired  air,  are  regu- 
lated by  that  of  the  inspired  air.  The  composition  of  the 
atmosphere,  in  fl'ee  space,  is  singularly  uniform  in  different 
localities,  and  at  different  altitudes.  By  weight,  supposing  it 
to  be  dry,  it  contains  nearly  77  parts  of  nitrogen,  and  23  of 
oxygen.  Besides  these,  its  essential  constituents,  it  contains  a 
small  percentage  of  carbonic  acid,  disengaged  into  it  by  ter- 
restrial agencies,  partly  physical,  such  as  volcanoes  and  springs, 
partly  chemical,  as  the  decomposition  of  carbonaceous  matter, 
but  chielly  organic,  as  from  the  respiration  of  plants;  the 
atmosphere  also  presents  minute  traces  of  nitric  acid,  ammonia, 
and  carburetted  hydrogen,  from  the  decomposition  of  animal 
and  vegetable  substances.  In  towns,  it  often  contains  sul- 
phuretted hydrogen  and  sulphurous  acid,  from  the  combustion 
of  coal ; in  the  neighbourhood  of  chemical  Avorks,  it  may  also 
be  charged  Avith  chlorine,  mineral  acids  and  metallic  sub- 
stances. Under  certain  circumstances,  a very  pure  air  contains 
the  important  substance  knoAvn  as  ozone,  which  is  noAv  usually 
regarded  as  a modification  of  oxygen.  It  is  most  abundant  in 
sea  air,  in  early  morning,  and,  in  England,  Avitli  south-west 
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or  west  winds;  it  is  almost  absent  with  east  ^vinds,  and  is  quite 
so  in  the  centre  of  large  towns,  and  in  the  atmosphere  of 
dwellings. 

By  volume,  dry  air  consists,  in  roimd  numbers,  of  80 
volumes  of  nitrogen,  and  20  of  oxygen,  or  of  4 volumes  of 
the  former  to  1 of  the  latter.  A closer  analysis  gives,  79 
volumes  of  nitrogen  to  21  of  oxygen.  The  quantity  of  car- 
bonic acid  gas  averages  '04  volumes  per  cent.,  or,  as  it  is 
commonly  expressed,  4 parts  in  10,000. 

The  effect  of  a single  respiration  on  the  composition  of  the 
air  breathed,  is  first,  to  remove  from  100  volumes  of  air,  about 
5 volumes  of  oxygen,  i.e.  about  |th  its  normal  quantity  of 
that  gas;  and,  secondly,  to  add  to  it,  about  4 volumes  per 
cent,  of  carbonic  acid  gas.  Besides  this,  however,  the  quantity 
of  nitrogen  is  slightly  increased ; and  ammonia,  carburetted 
hydrogen,  certain  salts,  organic  matter,  and  various  undeter- 
mined volatile  substances,  are  added  to  the  air  in  the  respira- 
tory process. 

The  annexed  Table,  from  Yierordt,  shows  the  percentage 
composition,  in  volumes,  of  air,  before,  and  after,  it  has  been 
once  breathed ; the  air  being,  in  both  cases,  supposed  to  be 
perfectly  dry.  The  minute  trace  of  carbonic  acid  gas  in  un- 
breathed air,  only  "04  per  cent.,  is  here  neglected. 


Nitrogen 
Oxygen  . 
Carbonic  Acid 
Loss 


Atmospheric  Air 
. 79-2  . 

. 20-8  . 


100 


Air  once  breathed 
. 79-3 

. 15-4 

. 4-3 

1 


100 


During  a single  respiration,  therefore,  5’4  parts  of  oxygen 
disappear,  being  absorbed  by  the  limgs  ; whilst  only  4'3  parts 
of  carbonic  acid  are  exhaled  from  those  organs.  Moreover,  a 
minute  quantity  of  nitrogen  appears  to  be  given  off  into  the 
expired  air.  Lastly,  owing  to  the  excess  of  oxygen  absorbed, 
over  the  carbonic  acid  exhaled,  there  is  a loss  of  1 per  cent,  of 
the  air  inspired.  These  results  are  founded  on  nearly  600 
observations  ; but,  as  we  shall  hereafter  see,  individual  expe- 
riments exhibit  remarkable  deviations,  according  to  numerous 
circumstances. 

Absorption  of  Oxygen. — The  quantity  of  oxygen  absorbed 
in  respiration,  is  determined  by  careful  examination  of  the 
quantity  left  in  the  ex|3ired  air.  This  is  done  by  using  pyro- 
gallic  acid,  which  greedily  attracts  it,  to  take  it  up,  or  by  com- 
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billing  it  with  hydrogen,  by  means  of  the  electric  spark.  There 
is  no  doubt  that  the  greater  jiortion  of  the  oxygen  absorbed, 
which  in  a single  respiration  is  about  :^th  the  total  quantity 
in  the  air,  combines  somewhere,  and  in  some  way,  with  car- 
bon, to  form  the  carbonic  acid  which  is  exhaled.  But  as  the 
carbonic  acid  produced,  exactly  equals  in  volume  the  ox}’'gen 
concerned  in  its  production,  the  sur^ilus  of  oxygen  absorbed 
over  the  carbonic  acid  exhaled,  must  remain  in  the  system,  and 
is  probably  therein  combined  with  hydrogen,  or  with  the  sul- 
phur and  phosphorus  of  the  albuminoid  constituents  of  the 
body.  In  IMan,  from  l-th  to  ^th  of  the  total  amount  of  oxygen 
absorbed,  does  not  reappear  in  the  carbonic  acid,  but  remains 
to  be  combined  with  other  oxidisable  substances.  In  dogs  fed 
upon  carbhydrates,  such  as  starch  or  sugar,  or  even  upon 
milk,  T^ths  of  the  oxygen  absorbed,  are  retiu-ned  as  carbonic 
acid,  only  -j^th  remaining  in  the  system ; if  large  quantities  of 
flesh  are  eaten,  more  of  the  oxygen,  i.e.  -1th,  is  retained  ; 
lastly,  when  fat  alone  is  consumed,  ^^ths  are  retained,  as  if  a 
pure  fat  diet  stimulated  the  oxidation  of  the  nitrogenous 
tissues  (Regnault  and  Eeiset).  Again,  in  Herbivorous  animals, 
ivhich  consume  many  carbhydrates  in  their  food,  the  proportion 
of  oxygen  retained  in  the  system,  is  exceedingly  small ; whereas, 
in  Carnivorous  animals,  the  food  of  Avhich  is  chiefly  nitrogenous, 
but  also  fatty,  a very  large  proportion  is  retained  (Dulong  and 
Despretz).  In  starving  animals,  also,  which  practically  live 
carnivorously,  i.e.  on  their  own  tissues,  a large  proportion  of 
the  oxygen  is  retained,  amounting  even  to  -f-ths  of  the  total 
quantity  absoi’bed. 

Elimination  of  Carlonic  Acid. — The  fact  of  the  elimination 
of  this  gas  from  the  lungs,  may  be  shown  by  blowing  slowly 
through  a tube  into  lime  Avater,  AAdrich  soon  becomes  turbid 
from  the  formation  of  carbonate  of  lime,  more  especially  as  the 
last  quantities  of  air  are  being  expelled  from  the  chest.  The 
determination  of  the  quantity  of  carbonic  acid  gas  given  off 
in  respiration,  is  extremely  difficult,  notAvithstandiug  the  in- 
genuity of  the  methods  employed  for  this  purpose. 

The  simplest  method,  used  by  Prout,  Dumas,  Vierordt,  and 
others,  consists  in  causing  a person  to  inspire  air  through  the 
nose,  and  expire  it  through  a tube,  held  in  the  mouth,  into  a 
closed  bag  or  receiver  ; and  then  in  analysing  the  expired  air, 
by  agitation  Avith  lime-AA'ater  or  AA'ith  a solution  of  caustic 
potash,  either  of  these  substances  absorbing  the  carbonic  acid, 
Avhich  can  thus  be  measimed.  The  oxygen  has,  at  the  same 
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time,  been  estimated,  bj  means  of  pyrogallic  acid,  or  by  de- 
flagration with  hydrogen,  by  means  of  the  electric  spark 
(Vierordt).  Such  a method,  excellent  for  individual  trials,  is 
not  adapted  for  general  or  comparative  experiments ; because 
the  same  person  does  not,  under  such  conditions,  breathe 
equally,  at  all  times,  even  after  considerable  practice ; nor  can 
different  persons  breathe  equally,  in  regard  to  each  other,  differ- 
ences in  the  depth  and  duration  of  the  respirations,  rendering 
a comparison  of  the  results  fallacious. 

For  these  reasons,  obseiwations  have  been  made  on  men  and 
animals,  placed  in  suitable  hermetically  closed  chambers,  and 
able  to  breathe  with  less,  or  even  no  restraint.  The  breathing- 
chamber  communicates  with  the  air  by  means  of  a small 
supply  tube  on  one  side,  and  on  the  other,  is  connected,  by  a 
tube,  with  an  aspirator,  i.e.  a second  closed  chamber  filled 
with  water;  according  as  this  water  is  permitted  to  flow 
from  the  aspirator,  air  is  withdrawn  from  the  breathing-cham- 
ber, whilst  fi-esh  air  enters  by  the  supply  tube.  To  ensure  the 
absence  of  carbonic  acid  firom  the  air  employed,  the  supply 
tube  has  a bend  in  it,  containing  a solution  of  caustic  potash. 
The  tube  connecting  the  breathing-chamber  with  the  aspirator, 
has  also  a bend  containing  asbestos,  moistened  tvith  concen- 
trated sulphuric  acid,  for  the  absorption  of  the  exhaled  water; 
besides  this,  it  is  fitted  -with  a Liebig’s  potash-tube,  for  fixing 
and  weighing  the  carbonic  acid  formed  in  respiration,  and 
also  with  another  bent  tube,  for  again  desiccating  the  remain- 
ing air.  By  such  an  apparatus,  the  quantity  of  air  passing 
through  the  air-chamber,  and  the  quantity  of  carbonic  acid 
produced  in  any  given  time,  can  be  determined  (Dulong  and 
Despretz’s  experiments  on  animals).  In  observations  on  men, 
the  body  has  been  enclosed  in  a second  smaller  box,  so  that  the 
head  alone  projected  into  the  air-chamber;  the  products  cf 
cutaneous  respiration  and  exhalation,  are  thus  separated  from  the 
pulmonary  respiration  and  exhalation,  the  gases  and  vapour 
given  off  by  the  skin  being  retained  in  the  smaller  box,  and 
those  given  off  by  the  lungs  being  discharged  into  the  breath- 
ing-chamber (Scharling’s  and  Hannover’s  experiments  on 
Man).  By  others,  the  face  alone  has  been  covered  with  a 
tight-fitting  mask,  throttgh  which  a stream  of  air  enters  by 
two  valved  openings,  and  from  which  it  is  drawn  off  througli 
a tube  into  a receiver,  by  means  of  an  air-pump  (Andral  and 
Gavarret).  Instead  of  supplying  the  breathing-chamber,  in 
which  animals  have  been  placed,  with  pure  atmospheric  air, 
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known  quantities  of  oxygen,  proportioned  to  the  quantity  of 
carbonic  acid  formed,  have  been  introduced.  The  arrange- 
ments necessary  for  the  gradual  absorption  of  the  carbonic 
acid  and  the  introduction  of  fresh  oxygen,  render  this  apparatus 
somewhat  complex,  but  interesting  results  have  been  obtained 
by  it  (Eegnault  and  Eeiset).  In  long-continued  experiments, 
however,  the  quantity  of  nitrogen  in  the  chamber,  gradually 
increases  by  exhalation  from  the  animal’s  lungs ; hence  the 
atmosphere  breathed  by  it,  is  no  longer  normal,  and  the 
respiration  is  modified  accordingly. 

The  experiments  of  Pettenkofer  and  Voit,  undertaken  with 
the  pecuniary  assistance  of  the  late  King  of  Bavaria,  are  still 
more  elaborate,  costly,  and  complete.  A large  closed  breathing- 
chamber  is  provided,  in  Avhich  the  person  experimented  upon, 
can  live  and  breathe  for  many  hours  as  easiljr  as  in  an  ordinary 
apartment ; and  through  it,  copious  streams  of  air,  as  much 
as  75  cubic  metres  per  hour,  are  drawn,  by  means  of  a double 
pump  worked  by  a small  steam-engine,  the  total  quantity 
passed  through,  being  accurately  registered,  after  desiccation, 
by  a gas-meter  interposed  between  the  chamber  and  the  pump. 
Atmospheric  air  is  admitted  to  the  chamber  by  proper  aper- 
tui-es,  and  the  amount  of  carbonic  acid  gas  and  Avater  already 
contained  in  it,  is  accurately  determined.  The  contaminated 
air  leaves  the  chamber  by  two  tubes,  one  passing  Irom  near 
the  ceiling,  and  the  other  from  near  the  floor,  Avhich  then  join 
a common  tube ; this  tube  leads  into  a desiccating  box,  from 
Avhich  the  dried  air  passes  through  the  gas-meter  to  the 
cylinders  of  the  double  air-pump.  To  absorb  and  measure 
the  whole  of  the  carbonic  acid  gas  contained  in  this  large 
stream  of  air,  the  total  product  of  the  respiration  of  the 
person  living  in  the  chamber,  Avould  be  an  inconvenient 
process;  accordingly,  a small  portion  of  the  contaminated  air  is 
diverted  for  that  jDurpose,  through  an  analysing  apparatus, 
into  Avhich  this  portion  of  the  air  is  draAvn  by  a peculiar 
suction-  and  pressure-pump,  moved  by  the  steam-engine  Avhich 
Avorks  the  larger  This  portion  of  air  passes  in  suc- 

cession, through  an  apparatus  Avhich  absorbs  and  measures,  first 
the  Avater,  and  then  the  carbonic  acid  contained  in  it,  and  after- 
Avards  through  a desiccating  box  and  small  gas-meter,by  which  it 
is  ultimately  measured.  Its  quantity,  compared  Avith  the  larger 
quantity  drawn  through  the  main  tube,  furnishes  the  means 
of  calculating  the  total  quantity  of  carbonic  acid  eliminated 
by  the  person  confined  in  the  breathing-chamber,  in  a given 
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time.  The  quantities  of  carbonic  acid  gas  and  water,  formed 
by  tlie  combustion  of  a stearin  candle  in  the  chamber,  may  be 
determined  by  this  apparatus,  as  correctly  as  by  the  ordinary 
process  of  organic  analysis. 

Dr.  E.  Smith  has  employed  a small  mask,  which  fits  tightly 
over  the  mouth  and  nostrils,  and  is  provided  with  a valved  inlet 
and  outlet.  The  air  is  inspired  through,  and  measured  by,  a 
spirometer  consisting  of  a delicate  gas-meter.  The  expired  air 
passes  tlirough  a desiccator,  containing  sulphuric  acid  to  absorb 
watery  vapom- ; then  through  a gutta  percha  box,  dhfided 
into  many  chambers  and  cells,  containing  caustic  potash,  and 
offering  a surface  of  700  square  inches,  so  as  to  abstract  the 
carbonic  acid ; and,  lastly,  through  a second  desiccator  to 
retain  any  moisture  carried  off  and  lost,  from  the  potash  box. 
The  increase  in  weight  of  the  mask,  with  the  connecting-tube 
and  first  desiccator,  shows  the  amount  of  vapour  exhaled  from 
the  lungs  ; whilst  the  addition  to  the  joint  weight  of  the  potash 
box  and  the  second  desiccator,  gives  the  weight  of  the  carbonic 
acid  expired. 

Eegnault  and  Eeiset,  Pettenkofer  andVoit,  and  Dr.  Edward 
Smith,  have  endeavoured  to  determine  not  merelj'  the  amount 
of  carbonic  acid  eliminated,  in  ordinary  breathing,  but  also 
the  influence  of  those  conditions  which  modify  that  amount, 
and  likewise  have  attempted  to  obtain  data  for  comparing  the 
quantity  of  carbonic  acid  formed  and  of  oxygen  taken  in,  with 
the  animal  heat  evolved. 

Some  onlj'  of  the  results  obtained  by  various  observers,  can 
here  be  quoted.  Dumas,  calcidating  that  by  an  adult  male,  of 
average  size,  320  cubic  inches  of  air  are  respired  in  one 
minute,  and  that  this  contains  on  expiration,  4 per  cent,  of 
carbonic  acid,  concluded  that  about  13  cubic  inches  of  car- 
bonic acid  are  exhaled  per  minute,  which  would  be  equal  to 
a total  of  5^  oz.  av.  of  carbon  thrown  off  by  the  limgs  in 
twenty-four  hours.  The  calculations  of  Valentin  and  Brunner, 
Davy,  Allen,  Pepys,  and  Lavoisier,  agree  closely,  yielding,  as  a 
general  result,  8 oz.  of  carbon  excreted  by  the  lungs  in  twenty- 
four  hours.  Andral  and  GavaiTet  estimated  the  daily  quantity 
at  9 oz. ; Vierordt  says  that  it  varies  from  5 to  8 oz.  Dr.  E. 
Smith  found,  as  an  average  of  eight  experiments,  the  daily 
quantity,  in  a state  of  rest,  in  foiu-  men,  whose  mean  height 
was  5 feet  9|  inches,  to  be  7'144  oz. ; the  extremes  were 
5‘6  oz.  and  7 ’85  oz.  With  an  ordinary  amount  of  exercise. 
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he  estimates  the  quantity  at  about  8^  oz.,  and  in  a working 
man  fully  engaged  in  labour,  at  rather  more  than  11^  oz. 

Adopting  as  a basis  of  calculation,  the  estimate  already  given 
at  p.  435,  viz.  of  300  cubic  feet,  or  518,400  cubic  inches,  as 
the  total  quantity  of  air  respired  in  twenty-four  hours,  by  an 
average-sized  adidt  male,  5 feet  64-  inches  in  height,  allowing 
for  the  effects  of  work  in  the  day  and  the  influence  of  repose  at 
night,  and,  moreover,  calculating  that  the  average  quantity 
of  carbonic  acid  in  the  air  when  expired  is  4 per  cent.,  then 
20,736  cubic  inches  of  carbonic  acid  would  be  given  off  in 
the  twenty-four  hours.  As  100  cubic  inches  of  carbonic  acid 
gas,  Aveigh  47'26  grains,  this  quantity  would  Aveigh  about 
9,800  grains,  Avhich  Avould  contain  2,672  grains,  or  rather 
more  than  6 oz.  av.  of  carbon.  This  is  perhaps  a fair  calcu- 
lation for  a man  of  medium  size,  not  engaged  in  any  special 
exercise,  or  labour. 

Elimination  of  Nitrogen. — The  nitrogen  of  the  atmosphere, 
Avhich  serves  to  dilute  the  oxygen,  is,  to  a slight  extent,  absorbed 
by  the  blood,  for  that  fluid  always  contains  nitrogen  in  ;i 
state  of  solution.  Nitrogen,  however,  is  also  given  off  from 
the  blood  through  the  breath  ; and  the  balance  appears  to  be 
rather  in  favour  of  the  process  of  elimination.  The  quantity 
thus  throAvn  off  by  Avarm-blooded  animals,  is  so  minute  as 
never  to  exceed  P^rt  of  the  oxygen  consumed  (Vierordt) ; 
sometimes  it  is  less  than  (Eegnault  and  Reiset). 

The  source  of  this  small  excess  in  the  nitrogen  exhaled,  Avas 
at  one  time  supposed  to  be  the  nitrogenous  aliments,  the 
quantity  of  nitrogen  excreted  by  the  kidneys,  skin,  and  intes- 
tines, being  supposed  to  be  less  than  that  taken  in  the  food. 
The  quantity  of  nitrogen  not  accounted  for  in  the  renal,  cu- 
taneous, and  intestinal  excretions,  has  been  said  to  be  equal  to 
.^'^th  of  the  oxygen  consumed  in  an  adult,  Avhich  nearly  agrees 
with  the  estimate  of  Kegnault  and  Reiset  above  mentioned. 
But,  according  to  Voit  and  others,  ho  av  ever,  all  the  nitrogen  of 
the  food  Avhich  is  actually  subjected  to  metamorphosis  in  the 
blood,  is  accounted  for  in  the  nitrogenous  constituents  of  the 
urine.  The  minute  and  unimportant  excess  in  the  expired 
air,  may,  therefore,  be  derived  from  the  atmospheric  air, 
Avhich  is  SAvalioAved  Avith  the  saliva,  food,  and  drink,  and  is 
taken  up  by  venous  absorption ; its  oxygen  being  utilised  in 
the  blood,  the  nitrogen  escapes  through  the  Avails  of  the  pul- 
monary capillaries  and  the  air-cells,  into  the  breath.  In  favour 
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of  this  view,  it  may  be  added,  that  the  decomposition  of  nitro- 
genous substances  in  the  system,  so  as  to  yield  free  nitrogen, 
is  unknown  ; that  in  starving  animals,  which  probably  swallow 
less  air,  nitrogen  is  not  given  off  in  excess,  but  some  of  it  seems 
rather  to  be  absorbed ; and  lastly,  that  whilst  the  quantities 
of  oxygen  and  carbonic  acid  in  arterial  and  venous  blood, 
differ  in  a constant  manner,  the  quantity  of  nitrogen  follows 
no  such  rule,  and  even  varies  in  both  kinds  of  blood. 

Other  Substances  Eliminated  in  the  Breath. — Chloride  of 
sodium,  hydrochlorate  of  ammonia,  uric  acid,  and  mrates  of 
soda  and  ammonia,  have  been  foimd  in  expired  air.  The  car- 
bonate of  ammonia,  frequently  present,  is  sometimes  partly 
derived  from  decaying  animal  matter  between,  or  belonging 
to,  tlie  teeth ; but  some  of  it  is  believed,  bj'-  certain  physio- 
logists, to  come  from  the  blood.  The  carbufetted  hydrogen 
occasionally  found  in  the  breath,  proceeds  from  the  blood,  into 
which  it  enters  by  absorption  from  the  ahmentary  canal.  The 
presence  of  organic  matter  in  the  breath,  is  detected  by  passing 
the  expired  air  throitgh  strong  sulphuric  acid,  which,  in  a 
prolonged  experiment,  becomes  brorra.  According  to  recent 
enquiries,  this  organic  substance  is  albuminoid,  and  when  col- 
lected and  allowed  to  putrefy,  becomes  extremely  offensive  ; 
when  accumulated  in  small  and  over-crowded  rooms,  it  has  a 
foetid,  repugnant  odour.  It  may  possibly  be  the  medium,  or 
vehicle,  of  certain  contagions  thrown  off  by  the  breath  ; it  is 
not  to  be  confounded  with  the  bad  smell  from  carious  teeth,  or 
from  rdcers  in  the  moirth,  pharynx,  or  air-passages.  IMany 
odorous  substances  may  exist  in  the  breath,  derived  from 
food,  drink,  or  medicines,  such  as  cheese,  alcohol,  or  perhaps 
aldehyde,  given  off  after  the  use  of  alcoholic  beverages,  the 
volatile  principles  of  garlic,  onions,,  and  spices,  ethers,  chloro- 
form, camphor,  mu.sk,  and  many  other  medicinal  substances. 
Phosphorus  dissolved  in  oil,  and  injected  into  the  veins  of  an 
animal,  is  given  off  by  the  lungs  in  some  imperfectly  oxidised 
state,  so  that  the  breath  is  luminous  as  it  passes  from  the 
nostrils. 

Effects  of  Respiration  on  the  Blood  and  Tissues. 

Changes  in  the  Colour  of  the  Blood. — The  most  obvious 
change  effected  in  the  blood,  as  it  passes  through  the  lungs,  is 
that  from  the  dark  purple  venous,  to  the  bright  scarlet  arterial, 
tint.  A similar  change  of  colour  takes  place  on  agitating  dark 


CHANGES  IN  THE  COLOUR  OF  THE  BLOOD. 


445 


venous  blood  Avith  air,  and,  still  more  quicklj',  Avith  oxygen  ; 
it  also  occurs  Avlien  venous  blood  is  introduced  into  a moistened 
bladder,  and  suspended  in  air  or  in  oxygen  gas.  The  causes 
of  this  change  of  colour,  have  been  the  subject  of  much  enquiry. 

It  is  found  that  on  adding  Avater  to  bright  arterial  blood,  it 
becomes  of  a dark  hue  ; Avhilst  strong  solutions  of  common  salt, 
saltpetre,  or  bicarbonate  of  potash,  Avhen  added  to  venous 
blood,  immediately  brighten  its  colour ; this  effect  has  been 
attributed,  either  to  the  direct  action  of  the  saline  substances, 
or  else  to  the  change  Avhicli  they  prodiAce  in  the  specific  gravity 
of  the  blood.  It  has  been  supposed  that  the  red  corpuscles, 
by  exosmosis  of  fluid  into  the  denser  solution  of  the  saline 
substance,  shrink,  and  thus,  from  being  slightly  biconcave, 
become  deeply  so.  On  the  other  hand,  the  addition  of  Avater, 
has  the  effect  of  producing  an  endosmosis  of  fluid  into  the 
corpuscles,  and  -so  causes  them  to  SAvell,  and  assume  a flat  or 
even  biconvex  form. 

These  opposite  changes  of  shape  have  been  supposed  to 
modify  the  poAver  of  the  corpuscles  to  absorb  coloured  light, 
more  being  absorbed  Avhen  they  are  swollen,  and  less  when 
they  are  shrunk.  But,  according  to  Professor  Stokes,  this 
explanation  is  inconsistent  Avith  optical  principles,  and  the 
change  of  colour  is  due  to  a modification  in  the  refractive 
poAver  of  the  corpuscles;  in  the  shrunken  state,  their  refractiA'e 
poAver  is  increased,  and,  accordingly,  a larger  amount  of  reflec- 
tion takes  place  from  the  surfaces  of  contact  of  the  corpuscles 
Avith  the  surrounding  fluid  ; Avhilst  in  the  distended  state,  their 
refractive  poAver  is  diminished,  and  less  reflection  takes  place 
from  their  surfaces.  But,  although  the  brilliant  colour,  pro- 
duced by  the  addition  of  strong  saline  solutions  to  the  blood, 
and  the  dark  hue  occasioned  by  diluting  it  Avith  Avater,  may  be 
thus  satisfactorily  explained,  the  natural  alterations  of  colour 
produced  in  the  blood,  by  the  respiratory  changes,  cannot  be 
so  accounted  for  ; though  venous  blood  is  of  someAvhat  less  spe- 
cific gravity  than  arterial,  yet  there  is  no  evidence  of  its  con- 
taining fewer  salts ; moreover,  direct  observation  has  failed  to 
detect  any  difference  in  form,  betAveen  the  corpuscles  of  the 
two  kinds  of  blood  ; and  lastly,  the  inadequacy  of  such  a 
purely  physical  explanation,  is  proved  by  the  fact  that,  even 
when  the  red  corpuscles  are  entirely  dissolved,  or  Avhen  pure 
solutions  of  cruorin  or  the  colouring  substance  of  the  blood, 
are  employed,  precisely  similar  changes  in  colour  ensue, 
from  alternately  agitating  them  AA'ith  oxygen  and  carbonic 
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acid,  in  the  former  case,  the  colour  being  brightened,  and  in 
the  latter  rendered  dark.  The  nature  of  the  changes  thus  in- 
duced in  the  cruorin  of  the  blood,  has  been  revealed  by  the 
photo-chemical  discoveries  of  Hoppe  and  Stokes,  in  which  the 
.so-called  spectrum  analysis  is  employed,  to  detect  most  recon- 
dite changes  in  the  cruorin. 

The  formation  of  the  prismatic  solar  spectrum,  by  passing  a beam  of 
sunlight  through  a prism,  has  already  been  explained  (vol.  i.  p.  546).  In 
this  spectrum,  when  sufficiently  magnified,  it  has  long  been  observed, 
that  numerous,  fine,  dark  lines  exist,  the  lines  of  Frauenhofer;  these  are 
owing  partly  to  the  presence  of  vapour  in  the  air,  which  refracts  some  of 
the  light,  but  chiefly  to  the  absence,  in  the  light  examined,  of  luminous 
rays  of  certain  degrees  of  refrangibility ; the  consequence  of  which  is,  that 
some  parts  of  the  spectrum  are  left  unoccupied  by  any  light  whatever. 
In  the  solar  spectrum,  Frauenhofer  described  80  darlc  hands  or  lines ; but 
2000  are  now  recognised.  Light  obtained  from  different  sources,  as  by 
the  combustion  of  different  substances,  or  ordinary  light  first  passed 
through  transparent  bodies,  solutions,  or  even  through  the  vapours  of 
volatile  substances,  or  proper  gases,  either  colourless  or  coloured,  and  after- 
wards transmitted  through  a prism,  also  forms  a spectrum  ; but  on  com- 
paring the  magnified  spectra  of  different  substances,  it  is  found,  in 
many  of  them,  that  the  dark  bands  differ  in  number,  position,  width,  and 
intensity ; and,  moreover,  that  in  the  case  of  certain  lights,  which  are 
coloured,  colour  bands  of  different  position,  number,  width,  and  inten- 
sity, make  their  appearance.  The  yellow  colour  band  of  sodium,  is  a 
remarkable  example  of  this. 

The  dark  bands,  sometimes  called  absorption  bands,  and  the  colour 
bands,  being  characteristic  and  constant,  for  certain  substances,  they 
constitute  most  delicate  means  of  detecting,  and  discriminating  between, 
such  substances.  This  is  done  by  the  spectroscope,  an  instrument  con- 
sisting essentiallj’  of  a tube  with  a slit  at  one  end,  a prism  at  the  other, 
and  a small  magnifying  glass  with  which  to  magnify  the  spectrum. 
This  method  is  the  so-caUed  spectrum  analysis,  by  which,  not  only  have 
new  substances  been  detected  in  chemical  processes  upon  the  earth,  but 
some  at  least  of  the  constituents  of  the  luminous  atmospheres  of  distant 
stars,  have  been  determined.  It  has  also  been  employed  to  follow  tlie 
entrance  of  peculiar  substances,  such  as  lithium  and  ceesium,  into  the 
blood  and  tissues  of  living  animals,  to  measure  their  rate  of  absorp- 
tion, their  preference  for  particular  tissues,  and  their  periods  of  excre- 
tion from  the  body  (Bence  Jones).  To  the  same  observer,  we  owe  very 
interesting  researches,  in  which  the  fluorescent  property  of  quinine 
(vol.  i.  p.  547)  is  made  use  of,  to  follow  that  substance  into,  and  out  of, 
the  li\-ing  economy,  by  its  presence  or  absence  in  the  crystalline  lens  of 
the  eye.  It,  moreover,  aj>pears'  that  a peculiar  animal  substance,  also 
fluorescent,  and  therefore  named  by  Dr.  Jones,  quinoidin,  is  constantly 
present  in  the  animal  body. 

Amongst  other  results  of  the  spectrum  analysis  of  coloured  solutions, 
it  was  discovered  by  Hoppe,  that  dilute  solutions  of  blood,  produce  tiro 
peculiar  dark  absorption  bands  of  great  beauty  and  distinctness,  situated 
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in  the  spectrum,  between  the  D and  E lines  of  Frauenhofer,  and  haring 
a remarkably  bright  intermediate  colour  band.  He  showed  that  this 
spectrum  was  formed  by  the  coloured  blood  of  animals  generally ; that 
the  red  colouring  substance  seemed  to  remain  unchanged  by  the  action 
of  alkaline  carbonates  and  caustic  ammonia,  for  its  spectrum  remained 
unaltered  ; but  that  it  was  instantly  decomposed  by  acids,  and  more 
slowly  by  caustic  alkalies,  a substance  being  then  produced,  which 
causes  different  absorption  bands,  and  corresponds  with  the  haematin 
of  Lecauu. 

This  subject  has  since  been  further  investigated  by  Professor  Stokes. 
To  examine  the  natural  blood  spectrum,  he  placed  a small  portion  of 
blood  well  diluted  with  water,  or  a watery  extract  of  the  clot,  in  a test- 
tube  ; this  being  held  up  to  the  light,  behind  a fine  slit  in  a piece  of 
black  card  or  a metal  plate,  and  looked  at  through  a prism,  the  two 
characteristic,  sharply-defined,  dark  absorption  bands,  with  the  in- 
termediate bright  streak,  were  readily  seen.  On  adding  to  the  coloured 
solution,  a reagent  capable  of  abstracting  oxygen  from  it,  a remark- 
able change  occurred  in  the  spectrum.  First,  it  became  a little  darker  ; 
but,  besides  this,  instead  of  the  two  dark  bands  with  their  intermediate 
bright  streak,  a single,  broader,  and  less  defined  band  was  now  seen, 
situated  nearly  opposite  the  place  of  the  bright  band  in  the  spectrum 
of  the  simple  solution.  Since  the  solution  of  blood  is  alkaline,  and 
since  acids,  as  just  mentioned,  decompose  its  colouring  substance,  it 
was  necessary  to  employ  a peculiar  deoxygenating  agent  ; the  one 
selected,  was  a solution  of  protosulphate  of  iron,  containing  a small 
quantity  of  tartaric  acid,  which  prevents  the  precipitation  of  the  iron  by 
alkalies ; this  was  rendered  slightly  alkaline,  by  a little  soda.  On  next 
exposing  the  deoxygeuated  and  altered  coloured  solution  to  the  air  in  a 
shallow  vessel,  or  on  agitating  it  -with  air,  by  shaking  it  in  a long  tube, 
it  was  found  that  the  colour  again  became  brighter,  and  that,  on  examina- 
tion with  the  prism,  the  characteristic  dark  bands,  with  the  interme- 
diate bright  one,  again  appeared.  These  changes  were  evidently  attri- 
butable to  the  reoxygenation  of  the  colouring  substance  by  the  oxygen 
of  the  air.  This  beautiful  experiment  realised  the  supposition  pre- 
viously entertained  by  Stokes,  that  he  might  imitate,  and  possibly  ex- 
plain, the  change  of  colour  of  arterial  into  venous,  and  of  venous  into 
arterial,  blood.  That  the  single  band  of  the  altered  solution,  does  not 
belong  to  the  reagent,  is  shown  by  examining  that  separately  ; and 
that  it  is  not  produced  by  a compound  of  the  reagent  with  the  colour- 
ing substance,  but  simply  by  deoxygenation  of  the  latter,  is  proved 
by  the  same  effects  being  produced  by  other  deoxidising  agents,  such  as 
protochloride  of  tin,  and  hydrosulphuret  of  ammonia,  and  also  by  the 
ordinary  and  well-known  displacement  of  oxygen,  by  means  of  carbonic 
acid.  Moreover,  these  reagents  have  themselves  no  power  to  produce 
the  newly-observed  colour  band. 

From  these  experiments,  it  is  concluded  hy  Stokes,  that  there 
exists  in  the  blood,  a natural  colouring  matter,  which  might 
he  named  cruorin,  capable,  like  the  colouring  matter  of  indigo, 
of  assuming,  by  alternate  abstraction  and  reintroduction  of 
oxygen,  two  states  of  oxidation,  in  which  it  differs  in  colour 
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and  in  its  action  on  the  spectrum.  The  hatmatin  of  Lecanu  is 
an  artificial  compormd,  produced  by  the  decomposition  of  this 
cruorin  by  powerful  acids,  and  is  named  by  Stokes,  brown 
luematin,  to  distinguish  it  from  red  hcematin,  formed  by  the 
oxidation  of  the  brown  variety,  both  of  which  show  different 
absorption  bands  to  those  of  cruorin. 

The  cruorin  in  its  bright  condition,  is  named  scarlet  cruorin, 
and  in  its  dark  condition,  purple  cruorin ; the  former  gives  the 
spectrum  with  two  dark  bands  and  an  intermediate  light  one,  and 
the  latter,  that  with  a single  dark  band.  The  purple  cruorin, 
or  deoxj^genated  kind,  is  supposed  to  exist  in  venous  blood, 
and  the  scarlet,  or  oxygenated  kind,  in  arterial  blood.  The 
evident  attraction  of  cruorin  for  ox}’gen,  is  supposed  to  accoimt 
for  the  absorption  and  combination  of  that  gas  with  the  blood  ; 
and  thus  also  tor  the  special  attraction,  or  affinity,  of  the  red 
corpuscles  for  oxygen,  of  which,  indeed,  they  have  been  often 
named  the  carriers. 

As  apparently  opposed  to  these  conclusions,  it  is  found  that 
ordinary  venous  blood  exhibits  the  spectrum  of  the  scarlet 
cruorin,  and  not  that  of  the  purple  cruorin;  but  this,  as 
observed  by  Stokes,  may  merely  show  that  most  of  the  cruorin 
in  venous  blood,  is  still  scarlet  cruorin,  the  colouring  substance 
being  only  partially  converted  into  the  purple  condition. 
Venous  blood,  indeed,  like  arterial  blood,  stiD.  contains  oxj'gen 
as  well  as  carbonic  acid,  though  in  different  proportions : and, 
although  it  is  unequal  to  the  perfect  maintenance  of  the 
functions  of  the  muscular  and  nervous  substance,  it  is  still 
better  than  no  blood  at  all  (Browir-Sequard).  Moreov^er, 
extensive  hemorrhage  is  not  necessarily  fatal ; and  persons 
affected  with  chlorosis,  exhale  carbonic  acid  as  freely  as  those 
in  health.  It  is  possible,  also,  that  carbonic  acid  may  act  less 
jjowerfully,  when  the  blood  is  undiluted  than  when,  as  in  ex- 
periments, it  is  mixed  with  water. 

The  cruorin  of  the  blood  being  supposed,  in  the  act  of 
respiration,  to  undergo  oxygenation  as  it  assumes  its  scarlet 
colour,  its  deoxygenatiou,  or  reduction,  may  be  effected  by 
substances  contained  in  the  blood,  which  themselves  undergo 
oxidation  at  its  expense.  Such  a change  certainly  takes  place 
in  blood  diluted  and  put  aside,  before  putrefaction  takes  place, 
the  spectrum  being  distinctly  altered  to  that  of  purple  cruorin, 
and  being  changed  back  again  to  that  of  scarlet  cruorin.  by 
agitation  uith  air.  A temperature  as  high  as  that  of  the  blood 
in  the  body,  facilitates  these  changes. 
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The  possible  mode  of  occurrence  of  such  alternate  changes  in  the 
blood  in  the  systemic  and  the  pulmonary  capillaries,  is  illustrated  by 
Stokes,  by  first  reducing,  or  deoxygenating,  a solution  of  scarlet  cruorin, 
by  means  of  a slightly  alkaline  solution  of  the  protoxide  of  tin  in  tar- 
taric acid,  and  then  re-oxygenating  it,  by  agitation  of  the  altered  coloured 
solution  with  air.  If  the  mixture  be  now  allowed  to  stand  for  two  or 
three  minutes,  the  colouring  matter  is  again  slowly  deoxidised ; by  agi- 
tation it  is  once  more  oxidised ; and  so  on  for  a number  of  times.  In 
this  experiment,  the  purple  cruorin  absorbs  oxygen  more  readily  than 
the  salt  of  tin  does ; but  afterwards,  it  slowly  parts  with  oxygen  to  that 
salt. 

In  the  same  way,  the  purple  cruorin,  as  it  passes  through 
the  lungs,  absorbs  oxygen  by  a special  affinity,  and  then  in 
circulating  through  the  systemic  capillaries,  it  is  partially 
deoxygenated,  to  supply  the  wants  of  the  disintegrating  tissues, 
by  a so-called  parenchymatous  respiration-,  on  returning  to 
the  lungs,  it  is  once  more  reoxygenated. 

The  various  alterations  in  the  colour  of  the  blood,  noticed 
in  different  conditions,  accord  with  this  conclusion.  Thus  the 
blood  is  unusually  dark  as  it  returns  from  the  muscles,  and 
the  depth  of  its  colour  is  in  exact  proportion  to  the  activity  of 
those  muscles,  when,  as  we  shall  see,  it  also  contains  the  most 
carbonic  acid.  On  the  other  hand,  the  venous  blood  returning 
from  glands  in  a state  of  active  secretion,  is  of  a bright  scarlet 
hue ; whereas,  when  the  glands  are  inactive,  it  is  dark  (vol. 
i.  p.  333  ; vol.  ii.  pp.  56,  350).  In  the  latter  case,  the  quantity 
of  blood  passing  through  the  gland,  is  small ; nutrition  proper 
is  going  on,  and  a proportional  quantity  of  carbonic  acid  is 
formed  and  taken  up ; whereas  for  active  secretion,  the  condi- 
tions existing  are,  a larger  supply  of  blood,  with  a proportion- 
ally less  amount  of  deoxygenation.  Again,  it  has  been  noticed 
that,  at  high  temperatures,  there  is  much  less  difference  in  the 
colour  of  the  arterial  and  venous  blood-current,  and  also  a 
less  amount  of  respiratory  interchange ; whereas,  at  low  tem- 
peratures, the  difference  of  colour  is  greater,  and  so  likewise 
is  the  activity  of  the  respiratory  process.  In  anaBmia,  in  the 
state  of  hybernation,  and  also  in  sleep,  the  venous  blood  has 
the  same  colour  as  the  arterial ; and  both  the  pulmonary  and 
the  parenchymatous  respiration  are  imperfectly  performed. 
Lastly,  in  asphyxia  and  in  cholera,  the  blood  is  exceedingly 
dark,  and,  in  both  diseases,  contains  unusually  large  quantities 
of  carbonic  acid. 

A further  result  of  these  researches,  is  to  show  that  the 
oxygen  carried  through  the  body  by  the  blood,  is,  to  a large 
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extent,  actually  chemically  combined  with  it,  i.  e.  with  the 
cruorin  of  the  red  corpuscles,  though  some  must  be  merely 
dissolved  in  the  liquor  sanguinis,  and  all  must  pass  through 
that  fluid,  to  enter  and  escape  from  the  corpuscles.  But  that 
a certain  proportion  of  the  oxygen  is  retained  in  the  liquor 
sanguinis,  is  shoAvn  by  the  fact,  that  the  clot  of  dark  venous 
blood  assumes  a bright  hue  when  placed  in  the  serum  of  arterial 
blood,  or  even  of  the  scarlet  venous  blood  returning  from  an 
actively  secreting  gland.  It  is  uncertain  whether  any  of  the  car- 
bonic acid  is  specially  attached  to  the  red  corpuscles  ; it  would 
rather  seem  not.  The  coagulum  of  the  scarlet  venous  blood 
from  a gland,  as  well  as  that  of  arterial  blood,  becomes  dark- 
ened, when  placed  in  the  serum  of  dark  venous  blood  ; so  that 
carbonic  acid  certainly  exists  in  the  liquor  sanguinis  of  venous 
blood.  It  appears  to  be  partly  dissolved  in  the  serum,  and 
is  partly,  perhaps,  in  a state  of  loose  chemical  combination. 

Changes  in  the  Fibrin  of  the  Blood. 

During  the  aeration  of  the  blood  in  the  lungs,  and  perhaps  as 
a special  result  of  the  action  of  oxygen  absorbed  from  the  air, 
the  amount  of  fibrin  is  increased  in  arterial,  as  compared  with 
that  in  venous  blood  ; a difference  also  exists  in  the  coagu- 
lating power  of  the  arterial  fibrin,  which  forms  a firmer  clot 
than  that  of  venous  blood.  The  influence  of  oxygen,  in  in- 
creasing the  amoimt  of  fibrin,  has  been  shown,  by  causing 
rabbits  to  breathe  pm-e  oxygen  for  a short  time,  and  also  by 
inducing  an  unusual  activity  of  the  respiratory  movements  by 
means  of  electricity  applied  to  the  spine  and  chest.  In  these 
experiments,  the  quantity  of  fibrin  in  the  arterial  blood  Avas 
increased  respectively  to  2 4 and  2'9  parts  in  1000  of  blood ; 
Avhereas  in  the  ordinary  arterial  blood,  the  proportion  found  was 
only  1’65  (Gardner).  The  fibrin  is,  of  course,  produced  at  the 
expense  of  some  other  albuminoid  body,  either  globulin  or 
albumen.  Even  out  of  the  body,  a substance  someAvhat  like 
fibrin,  though  not  positively  determined  to  be  fibrin,  has  been 
produced  by  transmitting  oxygen  gas  (A.  H.  Smee),  or  ozone 
(Gorup-Besanez),  through  a solution  of  albumen. 

Change  in  the  Temperature  of  the  Blood. 

Numerous  attempts  have  been  made,  to  determine  whether 
there  be  any  difference,  and  if  so,  what  difterence,  between 
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the  temperature  of  the  blood,  before  and  after  it  has  passed 
through  the  lungs.  The  older  physiologists,  and  also  some 
recent  observers  (Harley  and  Savory),  have  maintained  that . 
the  blood  in  the  left  ventricle,  is  warmer,  by  from  1°  to  2°  than 
that  in  the  right  ventricle ; and,  in  accordance  with  this,  it 
has  often  been  supposed  that  the  oxygen  combined  directly  Avith 
certain  constituents  of  the  blood  in  the  limgs,  to  produce  the 
Avhole  of  the  carbonic  acid  given  off  in  respiration.  But  it  is 
noAV  known  that  this  latter  supposition  is  incorrect.  Many 
observers,  moreover,  have  foimd  that  the  blood  in  the  left  side  of 
the  heart,  is  not  so  Avarm  as  that  in  the  right  cavities,  OAving, 
as  they  maintain,  to  a cooling  process,  caused  by  the  entrance 
into  the  lungs  of  air  of  a lower  temperature  than  the  blood, 
and  by  the  evaporation  of  moisture  irom  the  internal  pulmonary 
surfaces.  This  does  not  affect  the  general  conclusion,  that  the 
A'enous  blood  returning  from  the  limbs,  is  cooler  than  the 
arterial  blood  of  the  same  parts.  We  shall  revert  to  this  sub- 
ject in  the  Section  on  Animal  Heat. 

Changes  in  the  Gases  of  the  Blood. 

It  has  been  elseAvhere  noticed  (pp.  165,  168),  that  the  vapour 
of  Avater,  and  also  many  volatile  substances  and  gases,  are  readily 
absorbed  into  the  blood  by  the  lungs ; and,  indeed,  one  of  the 
tAvo  chief  phenomena  of  respiration,  viz.  the  entrance  of  oxygen 
into  the  blood,  illustrates  the  absorptive  poAver  of  the  pulmonary 
mucous  membrane. 

This  absorption  of  oxygen  from  the  inspired  air,  by  the 
venous  blood  brought  to  the  pulmonary  capillaries,  is  associ- 
ated Avith  the  evolution  of  carbonic  acid,  which  escapes  from 
that  venous  blood,  and  is  added  to  the  air  about  to  be  expired. 
These  tAvo  joint  interchanges  of  the  gaseous  elements  of 
the  air  and  of  the  blood,  are  essential  steps  in  the  conversion 
of  Amnous  into  arterial  blood.  That  the  blood  participates  in 
these  changes,  is  shoAAm  by  the  fact  that  venous  blood  contains 
less  oxygen  and  more  carbonic  acid  than  arterial  blood,  Avhich, 
on  the  other  hand,  contains  more  oxygen  and  less  carbonic 
acid,  as  shoAvn  by  the  folloAving  table  (Magnus). 

Oxygen  Carbonic  acid 

100  vols.  of  Venous  hlood  . . 5 vols.  25  vols. 

100  vols.  of  Arterial  blood  . . 10  vols.  20  vols. 

It  has  also  been  found  that  the  proportions  of  oxygen  and 
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carbonic  acid  in  venous  blood  returning  from  muscles  at  rest, 
are  7'5  and  31,  and  from  muscles  in  action,  1-265  and  31-4; 

• -whilst  in  arterial  blood  the  proportions  are  17-3  of  oxygen 
and  24-2  of  carbonic  acid  (Sczelkow).  According  to  Magnus, 
arterial  blood  contains  t-\vice  as  much  oxygen  as  venous  blood 
generally,  -whilst,  in  the  special  case  of  the  blood  from  muscles, 
the  proportion  is  at  least  as  2-3  to  1.  Again,  ordinary  venous 
blood  contains  i more  carbonic  acid  than  arterial,  and  that 
from  muscles  at  rest,  about  more. 

The  interchanges  of  oxygen  and  carbonic  acid  between  the 
air  and  the  blood,  which  characterise  respiration,  have,  through 
the  researches  of  Dalton,  Draper  and  Graham,  received  a partly 
physical  and  a partly  chemical  explanation.  The  elimination  of 
urea  and  uric  acid,  by  the  kidneys,  and  of  certain  excretory 
ingredients  of  the  bile,  is  accomplished  by  organic  vito-chemical 
processes  performed  by  certain  special  epithelial  cells ; but  the 
absot-ption  of  oxygen  by,  and  the  elimination  of  carbonic  acid 
from,  the  lungs,  or  other  respiratory  organ,  are  purely  phy- 
sical and  chemical  processes.  These  may,  indeed,  be  imitated 
artificially  out  of  the  body ; for,  as  already  mentioned,  if  a 
moist  bladder  be  filled  with  venous  blood,  and  be  supended  in 
atmospheric  air  or  oxygen,  the  surface  of  the  blood  in  contact 
with  the  bladder,  soon  becomes  scarlet,  and,  during  that 
change,  oxygen  is  absorbed,  and  carbonic  acid  is  given  out 
from  it,  through  the  moistened  bladder.  It  is  remarkable  tliac 
a function  of  the  animal  economy,  so  immediately  and  con- 
stantly necessary  to  life,  is  removed  from  the  contingencies 
surrounding  a purely  organic  process,  and  is  brought  into  the 
sphere  of  physical  and  chemical  actions.  It  is  also  worth}’  of 
remark,  that  the  physical  processes  which  accomplish  the 
escape  of  the  deleterious  carbonic  acid  gas  from  the  blood,  and 
mix  it  with  the  air,  also  aid  in  the  entrance  of  the  essential 
purifying  and  stimrdating  oxygen  from  the  air,  into  that  fiuid. 
The  processes  in  question,  are  the  diffusion  of  gases,  or  the  ten- 
dency of  dry  gases  to  diffuse  into  each  other,  and  their  mutual 
diffusion  when  in  a dissolved  condition. 

It  -was  shown  hy  Dalton,  that,  even  when  a light  gas,  such  as  hy- 
drogen, is  poured  into  a glass  jar,  on  to  the  surface  of  a hea-rv  one, 
such  as  carbonic  acid,  or  when  a bottle  full  of  the  light  gas.  is  inrertc  I 
over  another  bottle  containing  a heavy  gas,  with  their  mouths  applied 
to  each  other,  the  gases  do  not  remain  stationary,  but  are  mutually 
transported  into  each  other  against  gravity  until  they  have  intermixed 
in  certain  definite  proportions.  The  facility  with  which  they  intermix 
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is  such,  as  to  have  been  expressed  hy  the  phrase  that  each  gas  offers  no 
more  resistance  to  the  other,  than  ■would  an  actual  vacuum.  This  simple 
intermixture  is  called  the  diffusion  of  gases ; it  takes  place  with  a defi- 
nite energy,  irresistible  and  invariable,  when  the  conditions  exist  for 
its  exercise.  The  force  with  which  it  takes  place,  and  its  extent,  in  any 
particular  instance,  are  said  by  Dalton  to  be,  generally,  inversely  as  the 
densities  or  weights  of  the  two  gases  respectively.  Subsequent  experi- 
ments on  a most  extended  scale,  enabled  Graham  to  determine  the  true 
numerical  expression,  or  law,  of  this  diffusive  power  or  energy  of  gases, 
■viz.  that  the  rate  of  diffusion  of  any  gas,  if  dry  and  pure,  is  inversely 
as  the  square  root  of  its  density  or  specific  gravity.  Graham  showed 
moreover,  that  this  diffiision  takes  place  through  narrow  tubes,  and 
through  porous  substances,  according  to  the  same  law,  provided  that 
the  gases  be  dry  and  chemically  indifferent  to  each  other,  and  to  the 
.substance  of  the  porous  septum.  On  the  other  hand,  when  films  of  india- 
rubber  or  of  shell-lac,  moist  animal  membranes,  or  even  soap-bubbles, 
are  employed  as  the  septa  interposed  between  any  two  gases,  diffusion 
still  takes  place,  but  then,  not  according  to  the  above  mentioned  law, 
but  under  modifications  dependent  on  the  relative  solubility  of  either 
gas,  in  the  interposed  septum.  Lastly,  experiments  made  by  Draper, 
on  gases  in  a state  of  solution,  show  that  these  still  manifest  mutually 
diffusive  tendencies,  although  not  according  to  Graham’s  law  of  their 
simple  diffusion  in  a dry  state.  This  moist  diffusion  of  gases,  has 
been  termed  false  gaseous  diffusion. 

Both  simple  and  spurious  diffusion  occur  in  aerial  respiration 
performed  by  lungs  or  air  sacs,  but  the  latter  only,  in  aquatic 
respiration,  performed  by  gills  or  moist  surfaces. 

The  breathing  air  in  calm  respiration,  about  20  cttbic  inches, 
amounts  to  only  -^th  of  the  reserve  and  residual  air  together,  180 
cubic  inches,  tvhich  are  ordinarily  retained  in  the  lungs  (see  p. 
433).  Even  in  active  respiration,  it  would  only  amount  to  about 
jth,  viz.  45  cubic  inches.  Hence,  so  small  a displacement  of  the 
air  in  the  lungs,  at  each  inspiration  and  expiration,  cannot  di- 
rectly influence  the  air  contained  in  the  remote  air-cells,  espe- 
cially as  the  bronchial  tubes  constantly  increase  in  their  total 
capacity,  from  the  trachea  to  the  air  sacs.  The  simple  diffnsion 
of  gases  here  conies  into  play ; for  since,  as  we  shall  presently 
see,  the  last  portion  of  air  expelled  in  a long  expiration,  is 
richer  in  carbonic  acid  than  the  first  portion,  it  is  probable 
that  the  I'esidual  air,  which  is  never  expelled  from  the  lungs, 
becomes  increasingly  richer  in  carbonic  acid  gas,  and  therefore 
poorer  in  oxygen,  in  the  direction  of  the  air-cells ; hence,  the 
diffusion  of  oxygen  must  take  place  from  the  larger  bronchi, 
to  which  the  pure  air  gains  access,  tmvards  the  air-cells ; whilst 
carbonic  acid  diffuses  itself  in  the  opposite  direction,  from  the 
air-cells  towards  the  larger  air-tubes.  The  respiratory  move- 
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ments  doubtless  continually  change  the  air  in  the  lungs,  and,  as 
it  were,  partially  ventilate  the  air-passages ; but  the  energy  and 
rapidity  of  the  dilFusive  process,  and  its  incessant  operation, 
supplement  their  effects.  The  diffusion-process  is  accelerated  by 
differences  of  temperature  between  any  two  gases,  a condition 
constantly  operating  in  respiration.  Moreover,  the  pulmonary 
exhalation,  tvhich,  in  the  air-ceUs  and  smaller  air-tubes,  exists 
in  the  form  of  vapoiu’,  likewise  has  a similar  tendency  to  dif- 
fuse into  the  drier  air  in  the  larger  passages.  That  this 
diffusion  of  carbonic  acid  gas,  actually  occurs  in  the  lungs,  may 
be  shown,  by  steadily  holding  the  breath,  wuth  the  open  mouth 
kept  in  communication  with  a bag,  or  other  reservoir,  holding 
a known  volume  of  atmospheric  air,  when  this  latter  is  soon 
fotmd  to  contain  a readily  appreciable  quantity  of  carbonic  acid. 
In  apparent  death  or  trance,  when  the  respirator}'  movements  are 
suspended,  a minimum  respiratory  interchange  of  gases  may 
thus  take  place,  just  sufficient  to  prevent  the  extinction  of 
life.  In  the  deepest  stages  of  hybernation  in  animals,  this 
also  must  be  the  mode  of  respiration.  Under  ordinary  cir- 
circumstances,  however,  the  necessity  for  air,  cannot  thus  be 
relieved ; but  successive  respiratory  movements  are  excited 
through  the  nervous  system,  in  order  to  satisfy  it. 

But  the  eutrauce  of  oxygen  into,  and  the  escape  of  carbonic 
acid  fi'om,  the  blood  of  the  pulmonar}'  capillaries,  from  and  into 
the  air  in  the  air-cells,  is  not  explicable  by  simple  diffusion;  for 
this  double  process  is  one  of  moist  or  false  gaseous  diffusion. 
Both  gases  must  be  dissolved,  as  they  pass  in,  or  out  of,  the  pul- 
monary tissues  and  capillaries ; and  the  actual  diffusion  result 
depends  first,  on  the  relative  solubility  of  the  diffusing  gases  in 
the  fluid  of  the  natural  moist  septum  through  which  they  pass, 
and,  secondly,  on  the  special  chemical  affinities  of  those  gases 
for  the  blood.  The  simple  diffusion  volumes  of  dry  oxygen 
and  carbonic  acid,  are  in  the  proportion  of  1174  to  1000,  the 
oxygen,  or  lighter  gas,  having  a higher  diffusion  volume  than 
the  carbonic  acid  or  heavier  one.  But  this  proportion  does  not 
agree  with  the  ratio  of  the  oxygen  absorbed  to  the  carbonic 
acid  evolved  in  respiration,  which,  according  to  the  Table  in 
p.  438,  is  as  1255  to  1000.  The  quantity  of  oxygen  absorbed, 
is,  therefore,  not  only  greater  than  that  of  the  carbonic  acid 
evolved,  but  greater  than  that  which  the  law  of  the  diffusion 
of  dry  gases  would  account  for.  Again,  the  relative  solubility 
of  these  gases  in  the  water  of  the  walls  of  the  air-cells  and 
capillaries,  and  in  that  of  the  blood,  'will  not  explain  the  differ- 
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ence ; for  carbonic  acid  is  nearly  30  times  more  soluble  in 
water,  than  oxygei>,  and,  accordingly,  it  exhibits  a far  greater 
dilFusibility  through  a dead  moist  membrane,  instead  of  a less 
dilFusibility,  as  occrurs  in  actual  respiration.  It  has  been  shoAvn 
that  recent  blood,  even  at  a temperature  of  32°,  retains  from 
16'8  to  19’8  volumes  per  cent,  of  oxygen;  whilst  water,  at 
60°,  dissolves  not  quite  3 volumes.  Furthermore,  fresh  blood 
deprived  of  its  fibrin,  at  a temperature  of  48°,  absorbs  178 
volumes  of  carbonic  acid;  whilst  water  takes  up  about  90 
volumes.  Hence,  the  proportion  between  the  oxygen  absorbed, 
and  the  carbonic  acid  exhaled  from  the  blood  in  respiration, 
does  not  depend  on  the  relative  solvent  power  of  the  blood 
for  those  two  gases,  which  is  about  as  1 to  10. 

The  remarkable  affinity  of  blood  for  oxygen,  is  also  shown 
by  another  calculation.  The  absolute  quantity  of  carbonic 
acid,  which  is  taken  up  by  the  blood,  is  larger  than  that  of  the 
oxygen.  But  in  comparison  with  water,  the  special  affinity  of 
blood  for  oxygen,  is  much  stronger  than  that  for  carbonic  acid  ; 
for  the  quantity  of  oxygen  absorbed  by  the  blood,  in  comparison 
with  that  absorbed  by  water,  is  about  as  18  to  3,  or  6 to  1, 
whilst  the  quantity  of  carbonic  acid  absorbed  by  the  blood,  in 
proportion  to  that  taken  up  by  water,  is  only  about  as  178  to 
90,  or  less  than  2 to  1. 

The  total  quantity  of  all  the  gases  normally  contained  in 
100  volumes  of  blood,  amounts  to  somewhat  less  than  50 
volumes,  i.e.  about  half  its  own  volume.  This  is  less  than  it 
is  capable  of  dissolving  under  artificial  pressure,  or  through 
other  means.  Of  these  50  volumes,  about  12’5  are  oxygen, 
34'5  carbonic  acid,  and  3 nitrogen.  Of  100  volumes  of  these 
mixed  gases,  the  mean  of  several  observations,  however,  gives 
28'2  oxygen,  64‘7  carbonic  acid,  and  7T  nitrogen.  Nitrogen, 
therefore,  is  also  absorbed  by  blood  in  larger  proportion  than 
by  water,  which  can  only  take  up  1'5  volumes,  whilst  blood 
can  be  made  to  absorb  5 volumes,  per  cent. 

It  is  j)lain,  that  both  oxygen  and  carbonic  acid  are  held  in 
the  blood,  not  merely  by  its  solvent  power,  as  Avas  supposed 
from  the  experiments  of  Magnus,  because  he  obtained  those 
gases  fi-om  the  blood,  by  placing  it  under  an  air-pump,  or  by 
displacing  them  Avith  streams  of  hydrogen ; but  that  it  is  in 
part,  and  in  great  part,  held  in  it  by  special  chemical  affinities. 
It  is,  moreover,  evident  that  the  absorption  of  oxygen  by  the 
blood,  depends  on  one  kind  of  chemical  affinity,  and  that  of 
carbonic  acid,  on  another. 
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The  oxygen  is  supposed  almost  entirely  to  enter  into  chemical 
combination,  essentially  with  some  constituent  of  the  red  cor- 
puscles; for  although,  as  shown  by  its  relative  effects  on  dark 
clots,  the  serum  may  contain  variable  quantities  of  oxygen,  yet 
neither  it  nor  the  liquor  sanguinis,  can  absorb  more  oxygen 
than  piire  Avater  (Berzelius).  That  the  oxygen  is  chemically 
combined  is,  moreoAmr,  inferred  from  the  fact,  that  pyrogaUic 
acid,  AAdiich  has  an  extraordinary  affinity  for  this  gas,  does  not 
withdraAV  it,  Avhen  injected  in  solution  into  the  blood,  but  ap- 
pears unaltered  in  the  urine.  The  extreme  affinity  of  blood 
for  carbonic  acid,  though  partly  due  to  the  solubility  of  that 
gas  in  water,  may  be  partly  oAving  to  some  special  absorptive 
poAver  in  the  albuminoid  or  other  organic  constituents ; but  it 
is  in  a marked  degree  dependent  on  the  carbonate,  or  perhaps 
rather  on  the  phosphate  of  soda,  Avhich  exists  in  considerable 
quantities  in  the  liquor  sanguinis. 

The  special  affinity  of  the  red  corpuscles  for  oxygen,  has 
been  attributed  to  the  iron  contained  in  them,  that  element 
being  supposed  to  be  in  the  condition  of  a sesquioxide  in  the 
corpuscles  of  arterial  blood,  and  of  a carbonate  of  a protoxide 
in  those  of  Amnous  blood,  the  oxygen,  it  is  said,  being  displaced 
by  the  carbonic  acid,  AAdiich  preponderates  in  A’enous  blood, 
and  is  the  source  of  the  carbonate  above  mentioned  (Liebig). 
It  has,  indeed,  been  alleged  that  the  fibrin  is  concerned  in  this 
transportation  of  the  oxygen  through  the  circulation,  it  having 
been  supposed  to  be  in  a higher  state  of  oxidation  in  arterial 
than  in  venous  blood.  But  the  spectrum  analysis  of  the  blood, 
proving  that  oxygen  produces  such  remarkable  changes  in  the 
relations  of  the  cruorin  to  luminous  rays,  Avould  lead  to  the  con- 
clusion, that  it  is  this  colouring  substance  of  the  red  corpuscles, 
Avhich  is  the  real  carrier  of  oxygen  through  the  blood.  Further- 
more, it  has  been  shoAvn  that  the  blood  corpuscles  even  absorb 
ozone,  which  is  oxygen  in  a peculiar  condition,  with  great 
aA'idity,  and  yield  it  up  to  oxidisable  .substances  when  brought 
into  contact  Avith  them ; the  cruorin  is  also  specially  con- 
cerned in  this  reaction.  In  animals  proA-ided  Avith  a distinct  cir- 
culation and  red  blood,  the  activity  of  the  respiratory  function 
is  closely  related  to  the  number  and  dimensions  of  the  coloured 
corpuscles  in  the  blood;  for  these  are  few  and  large  in  the 
Cold-blooded,  Avhilst  they  are  greatly  increased  in  number  and 
diminished  in  size  in  the  Warm-blooded  Yertebrata.  The 
latter  arrangement  provides  for  an  enormotts  multiplication  of 
the  surfaces  of  the  corpuscles. 
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The  entrance  of  ox)'gen  into  the  blood,  being  thus  due  to  the 
joint  action  of  false  gaseous  diffusion  and  chemical  affinity,  the 
escape  of  carbonic  acid  gas  from  the  blood,  is  perhaps  dependent 
on  diffusion  only.  The  accumulation  of  this  gas  in  the  venous 
blood,  owing  to  chemical  processes  to  be  presently  mentioned, 
produces  a greater  tension  in  the  carbonic  acid  in  the  blood,  than 
in  that  present  in  the  air  of  the  air-cells  ; for  it  is  proportion- 
ally much  more  abundant  in  the  former  than  in  the  latter. 
Hence,  an  outward  diffusion  of  the  carbonic  acid  dissolved  in 
the  venous  blood,  through  the  moist  walls  of  the  pulmonary 
capillaries  and  air-cells,  and  its  escape  into  the  residual  air,  at 
the  surface  of  the  lining  membrane  of  the  cells.  The  carbonic 
acid  thus  dissolved  in  the  blood,  is  chiefly  contained  in  a state  of 
solution  in  the  liquor  sanguinis,  the  red  corpuscles  having  no 
special  affinity  for  it.  The  absorption  and  evolution  of  nitro- 
gen in  the  respiratory  process,  are  accomplished  also  by  moist 
diffusion. 

Two  points  yet  remain  for  consideration,  viz.: — In  what  part 
of  the  circulation,  and  at  the  expense  of  luhat  constituents  of 
the  blood  and  tissues,  does  the  oxygen  absorbed  in  respiration, 
become  united  with  carbon,  to  produce  the  carbonic  acid  given 
off?  The  answer  to  these  questions,  constitutes  an  important 
part  of  the  theory  of  respiration.  Previously  to  the  discovery 
of  oxygen,  nitrogen,  and  carbonic  acid,  all  explanations  of  the 
respiratory  process  were  necessarily  vague.  The  earlier  phy- 
siologists believed  that  the  air — the  source,  as  they  deemed  it, 
of  the  animal  spirits — found  its  way  through  the  lungs,  and 
obtained  an  entrance,  as  such,  into  the  so-called  arteries. 

Oxygen,  or  phlogiston,  was  discovered  b}'-  Priestly  and 
Scheele,  in  1774.  Black  had  already  described  what  he  called 
fixed  air,  and  Eutherford  had  determined  the  existence,  in  air 
respired  by  an  animal,  of  a pecuhar  gas  incapable  of  support- 
ing,further  respiration  or  combustion.  Lavoisier  named  the 
gas  first  discovered  by  Priestly  and  Scheele,  oxygen  ; by  him 
also,  the  gas  described  by  Eutherford,  now  more  commonly 
known  by  the  name  of  nitrogen,  given  to  it  by  Chaptal,  from 
its  being  contained  in  nitre,  was  named  azote  (a,  not,  and  zoe, 
lifej,  from  its  inability  to  support  life,  in  respiration  ; lastly, 
Lavoisier  demonstrated  that  the  fixed  air  of  Black,  now  shown 
to  be  produced  alike  by  the  action  of  acids  on  limestone,  by 
combustion,  fermentation,  and  respiration,  contains  the  element 
carbon.  These  great  discoveries  were  indeed  the  commence- 
ment of  the  modern  science  of  Chemistry,  and  the  foundation. 
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of  all  true  chemical  theory ; and  Lavoisier  himself,  in  com- 
bining and  adding  to  the  knowledge  of  his  predecessors,  at  once 
applied  the  results  to  explain  the  respiratory  process  of  animal 
life,  and  offered  to  science  the  first  theory  of  respiration. 

Lavoisier  saw  that  the  oxygen  absorbed  in  respiration,  united, 
in  some  way  and  somewhere,  with  carbon,  to  produce  the  car- 
bonic acid  evolved ; he  regarded  the  process  as  a sort  of  com- 
bustion, and  supposed  that  the  combination  took  place  in  the 
lungs,  i.e.  in  the  pulmonary  capillaries,  in  which  the  obvious 
change  from  venous  to  arterial  blood,  occurs ; the  oxygen  was 
thought  to  be  there  immediately  transformed  into  carbonic  acid, 
and  then  as  immediately  given  off.  But  later  inquiries  have 
shown  that  this  view  must  undergo  modification.  It  was 
not  known  to  Lavoisier,  that  both  venous  and  arterial  blood 
contain  these  two  gases,  and  that  both,  therefore,  circulate  in 
the  two  kinds  of  blood ; nor  was  he  aware,  that  tfogs  made  to 
respire  nitrogen  or  hydrogen,  that  is,  an  atmosphere  destitute 
of  oxygen,  continue  for  a time  to  exhale  carbonic  acid.  The 
existence  of  both  cai'bonic  acid  and  oxygen,  in  solution,  in  the 
entire  blood,  shows  that  the  combination  of  oxygen  with  some 
carbonaceous  compound  in  the  venous  blood  derived  from  the 
disintegrated  tissues,  does  not  take  place  in  the  lungs  only; 
but  that  this  union  must  occur  in  some  other  part  of  the  body. 
Moreover,  if  this  moist  combustion  took  place  entirely  in  the 
lungs,  those  organs  should  be  very  much  warmer  than  any  other 
part  of  tlie  system  ; but,  thougli  some  authorities,  as  already 
mentioned,  maintain  that  the  blood  in  the  left  ventricle,  just 
retinned  from  the  lungs,  is  warmer  than  the  blood  in  the  right 
ventricle,  the  alleged  increase  of  temperatrrre  has  never  been 
stated  to  be  more  than  2°  ; whilst  equally  competent  observers 
testify  to  an  exactly  opposite  condition,  as  regards  the  tem- 
perature of  the  venous  and  arterial  blood,  before,  and  after,  it 
has  passed  through  the  lungs. 

According  to  another  and  more  plausible  view,  the  oxygen 
in  the  aerated  blood,  partly  dissolved  in  the  serum,  but  chiefly 
in  loose  chemical  combination  with  the  coloured  substance  of 
the  red  corpuscles,  and  perhaps  ^vith  the  fibrin,  is  conveyed  in 
the  arterial  blood,  to  the  systemic  capillaries,  where  a certain 
loss  of  oxygen,  and  a nearly  proportionate  addition  of  carbonic 
acid,  occur,  the  blood  then  becoming  venous.  On  this  suppo- 
sition, the  process  of  oxidation,  or  respiratory  combustion,  takes 
place  not  in  the  lungs,  nor  in  the  pulmonary  capillaries,  but  in 
the  system,  in  or  near  the  systemic  capillaries.  This  opinion  is 
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in  harmony  with  the  fact,  that  the  arterial  blood  once  having 
acquired,  in  passing  through  the  pulmonary  capillaries, its  special 
characters,  amongst  others,  its  bright  colour,  retains  that  colour, 
and,  by  presumption,  its  other  qualities  also,  along  the  whole 
arterial  system,  only  losing  them,  as  it  passes  through  the 
systemic  capillaries.  It  is  also  consistent  with  other  facts, 
akeady  mentioned,  viz.  that,  whereas  arterial  blood  contains 
more  oxygen  than  venous  blood,  venous  blood  contains  more 
carbonic  acid.  If,  as  is  asserted,  the  sugar  found  in  the  venous 
blood  in  the  right  side  of  the  heart,  is  absent  in  the  arterial 
blood  in  the  left  side  of  that  organ,  then  a small  portion  of  the 
oxygen  absorbed  in  the  lungs,  or  else  some  of  .that  previously 
contained  in  the  blood,  must  have  united  with  that  carb- 
liydrate,  and  so  have  given  rise  to  a certain  amount  of  carbonic 
acid;  but  by  far  the  larger  proportion  of  the  oxygen,  probably 
passes  on  unchanged,  in  the  arterial  blood-current. 

How  much  of  the  systemic  process  of  oxidation  which  then 
takes  place,  occurs  in  the  blood  of  the  systemic  capillaries,  or 
in  the  tissues  traversed  by  those  vessels,  is  yet  unknown.  But 
there  is  reason  to  believe,  that  it  happens  in  both  situations. 
In  the  functional  activity  of  all  the  tissues  and  glands,  both 
secreting  and  ductless,  but  especially  of  the  muscular  and 
nervous  tissues,  constant  nutritive  changes  are  in  progress;  their 
life  never  stands  still.  Disintegration  and  renewal  are  im- 
ceasing;  and  the  former  always  implies  retrograde  chemical 
metamorphoses,  of  which  partial  or  complete  oxidation  is  a 
characteristic  phenomenon.  The  production  of  carbonic  acid 
is  one  of  the  ultimate  results.  It  is  suppo.sed  by  some,  that 
here  a repetition  of  the  false  or  moist  diffusion  process,  may 
take  place,  oxygen  passing  from  the  blood  in  the  capillaries 
to  the  substance  of  the  tissues  and  glands,  whilst  carbonic  acid 
passes  from  them  back  into  the  blood.  This  interchange  of 
the  two  gases  at  the  systemic  capillary  circulation,  constitutes 
X\\Q  parenchymatous  respiration^  which,  so  far  as  the  blood  is 
concerned,  is  exactly  the  reverse  of  the  pulmonary  respiration ; 
ibr  in  the  former,  the  blood  loses  oxygen  and  gains  carbonic  acid, 
whilst  in  the  latter,  it  loses  carbonic  acid  and  gains  oxygen. 
This  consumption  of  oxygen,  especially  by  the  nervous  and 
muscular  tissues,  and  its  combination  with  their  substance, 
are  said  to  explain  the  so-called  stimulating  effect  of  oxygen 
upon  those  tissues,  tvhen  they  ai-e  actively  engaged  in  their 
special  offices  in  the  living  economy.  The  quantity  of  oxygen 
consumed,  and  of  carbonic  acid  evolved,  in  any  given  case,  are 
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found  to  be  proportioned  to  the  degree  of  activity  of  the  ner- 
vous and  muscular  structures.  The  muscles  especially,  require 
a large  supply  of  oxygen  for  their  nutrition,  but  more  for  their 
effective  action ; the  blood  returning  from  a muscle  at  rest, 
as  we  have  seen,  contains  7'5  vols.  per  cent,  of  oxygen,  but 
Avhen  in  exercise,  only  1‘25  vols. ; Avhereas  arterial  blood  con- 
tains 17  vols.  The  prepared  muscles  of  a frog,  of  course 
deprived  of  circulating  blood,  continue  to  absorb  oxygen,  and 
to  give  off  carbonic  acid,  so  long  as  their  contractility  is  mani- 
fested (G.  Liebig).  Whether  during  life,  this  de-nutrith-e 
oxidation  is  entirely  completed  in  the  tissues,  and  the  resulting 
carbonic  acid  is  then  transmitted  from  them,  to  the  returning 
sy.stemic  blood,  or  whether  some  intermediate  products  of  dis- 
integration enter  the  blood,  and  are  oxidated  therein,  or,  lastly, 
whether  both  varieties  of  this  combustive  process  take  place 
during  the  ordinary  nutritive  changes  in  the  tissues,  is  not  well 
known.  That  substances  properly  belonging  to  the  blood,  are 
also  oxidated  Avithin  the  systemic  capillaries,  cannot  be  denied; 
they  are  probably  fatty  matters  and  carbhydrates,  or  their 
derivatives,  introduced  into  the  blood  from  the  food,  constituting 
the  so-called  respiratorij  food  \ but  it  has  hitherto  been  sup- 
posed that  these  are  quite  as  actively  oxidised  in  the  lungs, 
and  in  the  arterial  blood-current  generally,  as  in  the  systemic 
capillaries.  But  many  haA'e  believed,  and  recent  researches 
appear  to  shoAV,  that  although  the  nutritive  processes  of  the 
muscular  tissue  demand  oxygen  for  the  removal  of  disinte- 
grated albuminoid  and  other  materials,  yet  that  in  the  active 
contraction  of  muscle,  or  in  the  dcA^elopment  of  animal  motion,  it 
i.s  not,  as  Avas  supposed,  the  muscular  substance  Avhich  Avastes, 
by  being  more  actfrely  oxidised,  but,  rather,  that  some  com- 
bustible substances  in  the  blood,  of  the  nature  of  re.spiratoryfood, 
either  fatty  matters  or  carbhydrates,  then  undergo  oxidation, 
that  this  chemical  action  yields  the  carbonic  acid  formed  in  the 
blood  of  muscles,  and  that  it  is  at  once  the  source  of  the 
motive  poAver  exercised  by  the  muscles,  and  of  the  heat 
evohmd  in  the  system.  (See  the  Section  on  Animal  DAmamics. ) 

In  conclusion,  then,  it  appears  that  the  oxygen  taken  in 
during  respiration,  combines  first,  Avith  the  tissues  during 
their  action  and  nutrition,  especially  Avith  the  nervous  and 
muscular  tissues  ; secondly,  with  the  partially  effete  matters  of 
the  blood,  and,  lastly,  Avith  the  materials  of  the  respiratory  food . 
Hence,  the  carbonic  acid,  Avhich  is  one  of  the  ultimate  pro- 
ducts of  these  changes,  is  derived  partly  from  the  disintegrated 
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suTsfance  of  the  tissues,  especially  the  nervous  and  muscular 
tissues,  and  partly  from  substances  merely  assimilated  into  the 
blood  from  the  Ibod.  The  oxidation  of  the  respiratory  food, 
appears  to  take  place  in  the  blood  itself,  partly  in  the  lungs, 
but  chiefly  in  the  arterial  blood-current,  and,  during  muscular 
action,  largely  in  the  capillaries  of  the  muscles.  The  oxida- 
tion of  the  substance  of  the  tissues,  may  occur,  partly,  in  the 
tissues  themselves,  outside  the  walls  of  the  systemic  capillaries, 
but  partly,  also,  in  the  blood  itself,  into  which  certain  inter- 
mediate effete  products  of  disintegration  may  enter,  and  there 
undergo  further  oxidation,  after  the  manner  of  the  respiratory 
food. 

The  second  point  above  suggested  for  consideration,  viz. 
the  nature  of  the  substances  immediately  oxidised,  must  re- 
main at  present  in  obscurity.  That  they  contain  carbon  is, 
however,  certain.  Some  of  this  united  with  oxygen,  forms  the 
carbonic  acid  given  off  in  respiration.  They  also  contain  hy- 
drogen, freqirently  in  excess  of  the  quantity  of  oxygen  atomi- 
cally present  in  them  ; and  then,  by  oxidation  of  this  hydrogen, 
water  must  be  formed  in  the  system.  But  some  carbon  and 
some  hydrogen  escape  perfect  oxidation,  appearing,  combined 
with  nitrogen  and  a little  oxygen,  in  the  urea,  uric,  and 
hippimic  acids,  and  other  nitrogenous  excretory  compounds. 
The  sulphur  contained  in  the  albuminoid  bodies,  and  the  phos- 
phorus present  more  especially  in  the  phosphuretted  fats  of 
the  red  blood  corpuscles  and  in  the  grey  nervous  substance,  are 
likewise  oxidised,  at  the  cost  of  the  oxygen  taken  in  by  the 
respiratory  process,  so  as  to  form  sulpluu-ic  and  phosphoric 
acids,  which  appear  in  combination  with  alkalies  or  earthy 
matters,  in  the  urine.  The  sulphur  may  be  partly  traced  in 
the  intermediate  formation  of  taurin  in  the  bile.  With  regard 
to  the  nitrogen  contained  in  the  so-called  nitrogenous  tissues, 
it  is,  as  already  mentioned,  almost  entirely  accounted  for,  by 
the  urea  and  uric  acid — passing,  probably,  through  interme- 
diate chemical  forms,  such  as  creatin,  creatinin,  sarcin,  glycin, 
allantoin,  and  others.  Minute  quantities  appear  to  escape 
from  the  blood,  as  ammonia.  The  nitrogen  exhaled  from  the 
lungs,  and  the  small  loss  of  that  substance  from  the  epidermis 
and  the  intestinal  excreta,  are  not  metamorphic,  the  former 
being  derived  from  the  air  swallowed  with  the  ingesta  and  the 
saliva,  and  the  latter  being  contained  in  non-metamorphosed 
organised  matter.  Cholesterin  is  also  a scarcely  oxidised  ex- 
cretory hydro -carbon. 
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The  great  object,  therefore,  of  the  respiratory  function,  is  to 
introduce  oxygen  into  the  living  animal  economy  ; this  oxy- 
gen, by  giving  rise  to  numerous  and  incessant  chemical  changes, 
stimulates  the  animal  tissues,  combines  with  their  substance 
and  with  the  products  of  their  disintegration,  and  ultimately 
converts  them,  either  into  crystalloid  products,  which  can  be 
readily  excreted  from  the  kidney’s  or  skin,  or  into  a gas — very 
soluble  in  water  and  in  the  blood — -\vhich  can  be  readily  dis- 
placed from  the  latter  fluid,  in  the  lungs  or  in  other  respi- 
ratory organs,  by  the  stronger  affinity  of  oxy’gen  itself  for  a 
cei'tain  constituent  of  the  blood.  In  accomplishing  this,  it 
also  combines  with  certain  constituents  of  the  blood,  assimi- 
lated to  it  from  the  respiratory  food,  and  thus  forms  more  of 
the  same  displaceable  gas. 

As  an  important  collateral  result,  this  process  of  oxidation, 
due  to  the  respiratory  function,  produces  animal  motion  and 
animal  heat.  In  the  Cold-blooded  animals,  in  which  respiration 
is  comparatively  feeble,  and  which  consume  but  a small  quan- 
tity of  the  carbhydrates,  the  quantity  of  force  and  heat  en- 
gendered is  relatively  small ; but  in  the 'Warm-blooded  Verte- 
brata,  much  heat  and  force  are  manifested,  and  the  quantity 
of  respiratory  food  consumed,  and  the  activity  of  the  respira- 
tion are  very  great.  The  quantities  of  oxygen  absorbed  and 
of  carbonic  acid  evolved,  are  much  larger  in  the  latter  than 
in  the  former  animals. 

In  animals  provided  with  distinct  blood  and  a complete  cir- 
culation, the  immediate  effects  of  the  respiratory  process  take 
place  in  that  fluid,  which  is  thus  purified  and  rendered  fit  to 
maintain  life.  But  the  ultimate  effect  is  still  largely  exerted  on 
the  tissues,  the  blood  acting  as  avehicle  for  the  respiratory  agent 
and  its  products.  In  the  lowest  members  of  the  animal  scale, 
respiration  is  equally  nece.ssary,  and  has  similar  ultimate  re- 
sults ; but  its  effects  are  direct  or  immediate  upon  the  tissue.*. 

The  relation  between  the  chemical  actions  of  the  body  and 
the  amount  of  force  and  heat  developed  in  it,  also  the  mani- 
festation of  nervous  power,  and  the  evolution  of  electricity 
and  light  in  animals,  phenomena  in  which  oxidation,  at  tlie 
expense  of  the  oxygen  absorbed  in  respiration,  is  likewi.se 
necessary,  will  hereafter  require  further  consideration. 
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CONDITIONS  WHICH  MODIFY  THE  CHEMICAL  PROCESSES  OF 
RESPIRATION. 

Tlie  quantity  of  oxygen  absorbed,  and  of  carbonic  acid 
eliminated,  in  the  respiratory  process,  is  modified  by  the  fre- 
quency of  the  respirations,  the  number  of  times  the  same  air 
is  breathed  over  again,  the  temjierature  of  the  air,  its  degree 
of  moisture,  and  its  density  ; also  by  the  conditions  of  age,  sex, 
exercise,  repose,  or  sleep,  by  the  character  and  quantity  of  the 
food  or  drink,  the  period  of  the  day  or  season,  the  state  of 
health  or  disease,  and  by  the  use  of  remedial  agents. 

In  rapid  breathing,  less  oxygen  is  absorbed,  and  less  car- 
bonic acid  is  given  off,  at  each  respiratory  movement,  as  if 
sufficient  time  were  not  allowed  for  the  usual  rate  of  mutual 
interchange  of  the  two  gases.  With  six  respirations  per  mi- 
nute, 5'5  per  cent,  of  the  expired  air  has  been  found  to  be 
carbonic  acid  ; with  24  respirations,  3'3  per  cent. ; and  ivith 
96  respirations  per  minute,  only  2’6  per  cent  (Vierordt). 
But  although  in  slow  breathing,  more  oxygen  is  absorbed,  and 
more  carbonic  acid  is  exhaled  at  each  respiration,  yet,  in  a 
given  time,  as  shown  by  multiplying  the  quantity  exhaled  by 
the  number  of  respirations,  the  absolute  quantity  of  the  gases 
absorbed  and  exhaled,  is  increased  by  rapid  breathing.  In 
deep  inspirations,  the  interchange  of  gases  is  said  to  be  propor- 
tionally less,  when  compared  with  the  quantity  of  air  ; but  the 
total  amount  of  interchange  is  greater,  because  the  volume  of 
air  inspired  and  expired,  is  so  much  larger.  The  last  portion 
of  air  expired,  in  all  cases,  contains  less  oxygen  and  more 
carbonic  acid,  than  the  first  portion  ; the  former,  no  doubt, 
containing  air  coming  from  the  finest  air-tubes,  close  to  the 
air-cells,  in  which  the  actual  absorption  and  exhalation  occur. 

The  relative  purity  or  impurity  of  the  air,  likewise  affects 
the  result ; as  when  the  same  air  is  breathed  over  and  over 
again,  and  so  becomes  more  or  less  charged  ivith  carbonic  acid. 
Thus,  in  an  experiment  in  which  300  cubic  inches  of  air  were 
repeatedly  breathed  for  a period  of  three  minutes,  only  9‘5 
per  cent,  of  carbonic  acid  was  found  in  it ; the  total  quantity 
being  28'5  cubic  inches,  or  9'5  cubic  inches  per  minute.  In 
the  same  person,  with  fresh  air  at  each  inspiration,  the  quan- 
tity was  32  cubic  inches  per  minute.  However  often  the  same  air 
was  respired,  it  was  never  found  to  contain  more  than  10  per 
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cent,  of  carbonic  acid  (Allen  and  Pepys).  These  results  are 
caused  by  the  increasing  difficulty  offered  by  the  accumulation 
of  carbonic  acid  in  the  air  of  the  air-passages,  to  the  escape  by 
moist  diffusion,  of  the  carbonic  acid  from  the  blood  into  the 
air-cells,  and  to  its  simple  diffusion  through  the  air  of  the  air- 
passages. 

The  effect  of  an  increased  temperature  of  the  air,  is  to  dimi- 
nish, and  that  of  a lower  temperature,  is  to  increase,  the  quan- 
tity of  carbonic  acid  exhaled  by  the  lungs.  Between  the 
temperature  of  47°  and  67°,  i.e.  with  a difference  of  20°  in 
the  external  temperature,  a variation  has  been  obsen^ed  in 
the  quantity  of  carbonic  acid  exhaled,  of  2'5  cubic  inches  per 
minute  (^Vierordt).  At  very  low  temperatures,  the  quantity  of 
carbonic  acid  exhaled,  may  even  be  more  than  ttvice  as  great 
as  that  given  off  at  very  high  temperatures.  A sudden  in- 
crease of  temperature,  produces  a marked  immediate  effect, 
viz.  a decrease  of  2‘75  cubic  inches  per  minute,  for  16°  of 
elevation  of  temperature,  but  this  is  not  subsequently  so  regu- 
larly maintained  (Dr.  E.  Smith).  The  absorption  of  oxygen 
is,  of  course,  inversely  affected. 

The  density  of  the  air,  also  influences  the  chemical  changes 
dependent  on  respiration,  their  activity  being  increased  when 
the  density  of  the  air  is  diminished. 

A moist  atmosphere,  the  temperature  being  the  same,  greatly 
favours  in  animals,  the  exhalation  of  carbonic  acid ; more- 
over, the  influence  of  moisture  is  so  great,  as  to  neutralise,  at 
high  temperatures,  the  effect  of  such  temperatures  in  dimi- 
nishing the  exhalation  of  that  gas  (Lehmann).  The  exact 
hygrometric  state  of  the  air,  ought  always,  therefore,  to  be  taken 
into  accoimt,  in  experiments  on  the  composition  of  expired 
air.  The  great  influence  of  moisture,  may  account  for  some 
of  the  discrepancies  between  the  results  of  different  observers. 

As  regards  age,  the  quantity  of  oxygen  absorbed  and  of  car- 
bonic acid  exhaled,  increases  generally,  in  both  .sexes,  to  about 
the  thirtieth,  and  then  remains  stationary  to  the  fortieth  year, 
after  which  it  diminishes,  so  that  at  seventy,  the  amount  only 
slightly  exceeds  that  proper  to  the  age  of  ten  years.  The  in- 
fluence of  sex,  as  might  be  expected  from  the  greater  size  and 
activity  of  men,  is,  after  the  eighth  year,  shown  in  the  propor- 
tionally larger  amount  of  oxygen  absorbed,  and  of  carbonic  acid 
exhaled,  in  that  sex.  In  the  male  also,  the  increase  due  to 
age,  continues  progressively  up  to  the  thirtieth  year,  at  which 
period,  it  is  stationary ; whereas  in  the  female,  the  gradual 
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increase  stops  at  the  age  of  puberty,  and  the  quantity  remains 
stationary  until  about  forty,  when  it  once  more  increases  for  a 
time,  before  the  diminution  dependent  on  old  age,  begins.  The 
smaller  absolute  quantity  of  carbonic  acid  exhaled  in  child- 
hood, is,  nevertheless,  very  large,  in  proportion  to  the  weight  of 
the  body,  in  accordance  with  the  high  activity  of  the  nutritive 
function,  and  with  the  large  consumption  of  food  at  that  period. 
The  size  of  the  body,  in  different  adults,  produces  a corre- 
spondent result  on  the  total  quantity  of  carbonic  acid  exhaled. 
The  development  of  the  muscular  system,  however,  produces 
a greater  effect,  than  that  which  depends  on  the  mere  height  or 
weight  of  the  body,  or  on  the  dimensions  of  the  thorax. 

Exercise,  as  might  be  expected,  increases  the  quantity  of 
carbonic  acid  exhaled,  not  only  whilst  it  is  being  taken,  but 
also  for  a short  time  afterwards.  The  increase  may  equal  one- 
third  of  the  amount  exhaled  during  rest,  and  this  may  con- 
tinue for  one  hour  after  the  cessation  of  exertion.  This  result 
depends  both  on  a greater  quantity  of  air  being  breathed,  and 
on  an  increased  percentage  of  carbonic  acid  in  the  expired  air 
(Vierordt).  Other  observations  show  even  a greater  relative 
increase,  for  in  walking  two  and  three  miles  per  hour,  the 
quantities,  1ST  grs.  and  25‘8  grs.,  were  about  two  or  two 
and  a half  times  as  great  as  the  normal  amount  in  the  sitting 
posture;  at  the  tread- wheel,  the  quantity  fluctuated  between 
42'9  gr.s.  and  48'6  grs.,  that  is,  from  about  four  and  a half  to 
five  times  as  great,  the  pulse  and  the  respiration  being,  of 
course,  greatly  accelerated  (E.  Smith).  Prolonged  exertion 
producing  fatigue,  diminishes  the  exhalation.  Much  less  car- 
bonic acid  is  exhaled  during  the  night  than  in  the  day.  During 
sleep,  the  amount  given  off  is  considerably  diminished,  in  cor- 
respondence with  the  more  superficial  and  slower  character  of 
the  respiratory  movements  of  the  chest,  with  the  cessation 
of  the  ordinary  actions  of  the  muscular  and  nervous  tissues 
and  of  the  usual  metamorphoses  of  the  respiratory  food,  and 
with  the  smaller  loss  and  production  of  heat.  In  experiments 
performed  in  air-tight  chambers,  the  diminution  per  hour 
in  sleep,  was  about  one-third  of  the  normal  quantity  (Schar- 
ling).  According  to  other  estimates,  the  quantity  exhaled,  in 
a given  time,  during  profound  sleep,  is  about  one-half  that  of 
the  average  quantity  in  the  same  time  during  the  day. 

The  period  of  the  day,  influences  the  quantity  of  carbonic 
acid  exhaled,  quite  independently  of  the  condition  of  sleep  or 
wakefulness.  The  ratio  in  a like  time  of  the  night  and  day, 
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'being  as  1 to  l‘2o  (Scharling),  or  as  1 to  1'8  (E.  Smitli). 
Taking  the  whole  day  of  24  hours,  the  smallest  quantity  is 
exhaled  in  the  middle  of  the  night,  and  the  largest  in  the 
middle  of  the  day  ; a slight  increase  occurs  at  sunrise,  and  a 
prolonged  and  constant  diminution  after  9 o’clock  in  the  even- 
ing (E.  Smith).  The  difficulty  of  resisting  the  effects  of  severe 
cold,  between  midnight  and  sunrise,  is  well  known.  A sea- 
sonal influence  on  the  products  of  respiration,  has  also  been 
noticed  : the  maximum  product  occurs  in  spring  (April  and 
May),  and  the  minimum  at  the  end  of  -summer  (September), 
a gradual  increase  occurring  in  early  winter  (October,  No- 
vember, and  December),  and  a gradual  decrease  in  early 
summer  (June,  July,  and  August).  Hence,  heat,  as  the  result 
of  seasonal  changes,  equally  Avith  artificial  heat,  diminishes 
the  quantity  of  carbonic  acid  exhaled,  and  climatic  cold  in- 
creases it ; moreoA^er,  it  Avas  found  by  Barral,  that  the  daily 
quantity  of  carbon  exhaled  by  the  skin  and  lungs,  was,  in 
Avinter,  upAV'ards  of  5,000  grains,  and  in  summer  only  about 
3,700  grains.  But  neither  temperature  alone,  nor  this,  added 
to  the  effects  of  atmospheric  pressure,  account  for  the  seasonal 
changes  (E.  Smith).  It  may  be  remarked,  hoAvever,  that  the 
hygrometric  condition  of  the  air  in  the  above  researches,  Avas 
not  taken  into  account,  but  this,  as  shoAAm  by  Lehmann,  is  of 
the  highest  importance  ; the  period  of  increase  corresponded 
Avith  the  wet  months,  and  that  of  decrease  with  the  diy  months 
of  the  year. 

Food  generally  increases  the  absolute  quantity  of  carbonic 
acid  given  off  from  the  lungs,  Avhilst  fasting  has  the  opposite 
effect,  the  proportion  of  carbonic  acid  in  a given  quantity  of  the 
expired  air,  being,  hoAvever,  greater  during  starvation.  Thus, 
in  a person  six  feet  high,  in  Avhom  the  average  quantity  of 
carbon  exhaled,  when  at  rest,  with  ordinary  diet,  was  7 '85  oz., 
the  daily  quantity  exhaled  whilst  fasting,  was  5'9  oz. ; the  di- 
minirtion  produced  by  fasting  for  the  24  hour's,  being  rather 
more  than  one-fourth  the  usual  quantity  exhaled  when  taking 
food  (E.  Smith).  The  quantity  exhaled  in  fasting,  sinks  to  a 
certain  line,  Avhich  has  been  named  the  hasal  Une^  beloAv  which, 
in  health,  it  does  not  descend ; but  prolonged  starvation  ulti- 
mately diminishes  it.  The  influence  of  food  has  been  shown, 
by  an  increase  after  breakfast  of  one-fourth  the  previous  quan- 
tity, and  after  dinner  of  about-tAvo  thirds  (Scharling):  the 
chief  increase  noted  by  Dr.  Smith,  was  after  breakfast  and  tea, 
and  not  after  early  dinner.  Thus,  the  average  quantity  of 
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carbonic  acid  exhaled,  by  a certain  person,  being  20’6  cubic 
inches  (9'77  grs.)  per  minute,  the  quantity  during  continuous 
fasting  being  about  14  cubic  inches  (6'61  grs.),  and  the 
maximum  and  minimum  quantities  in  the  working  day  with 
food,  22  cubic  inches  (10"43  grs.)  and  14'2  cubic  inches 
(G‘74  grs.),  the  increased  exhalation  after  breakfast  and  tea  was 
from  4’2  to  6’3  cubic  inches  (from  2 to  3 grains),  and  after  early 
dinner  only  from  2"1  to  4'2  cubic  inches  (from  1 to  2 grains). 
The  different  effect  of  different  kinds  of  food  and  drink,  as 
observed  by  Dr.  Smith,  is,  in  some  respects,  remarkable ; all 
nitrogenous  foods  increase  the  exhalation  of  carbonic  acid ; and 
so  does  any  mixture  of  nitrogenous  matters  with  the  carb- 
hydrates,  such  as  is  found  in  bread,  oatmeal,  and  milk  ; but  pure 
starch  has  scarcely  any  effect ; pure  fat  seems  even  to  diminish 
the  quantity  of  carbonic  acid  evolved,  though  pure  sugar  in- 
creases it.  Tea,  coffee,  and  cocoa  cause  an  increase  more  sud- 
den and  marked  than  that  produced  by  any  other  substances 
experimented  with  ; pure  alcohol  also  increases  the  quantity  ; 
but  of  the  spirits  ordinarily  in  use,  rum  increases  the  quan- 
tity, brandy  and  gin  diminish  it,  whilst  whisky  varies  in  its 
effects ; wine  and  ale  increase  it,  whilst  the  volatile  or  aro- 
matic ingredients  of  both  spirits  and  wine,  seem  to  lessen  the 
quantity  exhaled.  Distilled  water  has  been  found  to  diminish 
the  exhalation  of  carbonic  acid.  The  opjx)site  effects  of  dif- 
ferent alcoholic  fluids,  such  e.g.  as  rum  and  brandy,  are 
referred  by  Dr.  Smith  to  the  separate  action  of  the  alcohol, 
sugar,  aromatic  substances,  and  nitrogenous  bodies  in  each  of 
those  fluids  respectively ; and  the  different  effects  of  weak 
alcoholic  liquors,  and  of  pure  alcohol,  have  been  explained  by 
supposing,  that  in  the  former  case,  the  alcohol  may  act  chiefly 
by  stimulating  the  respiratory  changes ; Avhilst  in  the  latter, 
it  may  interfere  with  the  oxidation  of  the  ordinary  consti- 
tuents of  the  body.  Habitual  drinkers,  usually,  accumulate 
fat. 

From  the  preceding  facts,  it  would  appear  that  the  constitu- 
ents of  food,  do  not  act  in  proportion  to  the  quantity  of  carbon 
they  contain ; but  that  some  specifically  excite  the  respiratory 
interchanges,  apparently  by  increasing  the  processes  of  oxidation 
in  the  body,  and  by  augmenting  the  depth  of  the  respirations, 
or  the  quantity  of  air  inspired.  Two  substances,  identical  in 
composition,  sugar  and  starch,  act  differently ; the  former  ex- 
citing respiratory  interchange,  the  latter  not  doing  so.  Milk, 
especially  when  new,  is  a more  powerful  excitant  even  than  a 
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purely  albuminoid  substance.  The  nitrogenous  foods  increase 
the  quantity  fi-om  1 to  2T  cubic  inches  (from  to  1 gr.),  mixed 
nitrogenous  and  hydro-carbonaceous  foods  give  an  increase  of 
about  4'2  cubic  inches  (2  grs.)  per  minute ; milk,  a perfect 
mixed  diet,  4 cubic  inches  (nearly  2 grs.)  per  minute ; spirits 
of  wine  2T  cubic  inches  (1  gi'.)  ; rum  3 cubic  inches  (about 
gr.) ; ale  and  stout  2T  cubic  inches  (1  gr.);  whilst  tea,  cof- 
fee, and  cocoa  increase  the  evolution  of  carbonic  acid  from  3 to 
6 3 cubic  inches  (1-|-  to  3 grs.)  per  minute  (E.  Smith).  Certain 
substances,  such  as  sugar,  alcoholic  fluids,  tea,  and  coffee,  pro- 
duce their  effect  very  quickly,  reaching  their  maximum  within 
half  an  hour  ; whilst  flesh,  bread,  oatmeal,  and  milk  act  later, 
their  influence  endm'ing  as  long  as  two  hours  and  a half 
(E.  Smith).  Lastly,  the  effect  of  a high  diet  on  one  day,  may 
affect  the  respiratory  changes,  as  well  as  the  excretion  of 
urea,  on  the  following  day,  imparting,  as  it  were,  a somewhat 
durable  stimulus  to  the  system. 

The  amount  of  carbonic  acid  exhaled,  is  diminished  in  all 
chronic  and  organic  diseases  of  the  lungs,  in  hectic  con- 
ditions, and  in  cholera ; whilst  it  is  increased  in  chlorosis,  in 
which  the  number  of  the  red  corpuscles  is  diminished.  The 
proportion  of  carbonic  acid  in  a given  amount  of  expii-ed  air, 
is  increased  in  certain  exanthematous  diseases,  as  in  measles, 
and  especially  in  smallpox,  in  which  it  is  nearly  doubled ; 
whilst,  on  the  other  hand,  it  is  reduced  about  one-half,  in 
typhus  fever.  The  absolute  quantities  exhaled  in  these  and 
other  diseases,  have  not  been  sufliciently  investigated. 

The  effects  of  remedial  agents,  generally,  on  the  absorption 
of  oxygen  and  exhalation  of  carbonic  acid,  have  likewise  yet 
to  be  scientifically  determined.  The  inhalation  of  the  vapour 
of  chloroform  and  ether,  diminishes  remarkably  the  escape  of 
carbonic  acid  from  the  blood ; and  this  constitutes  an  accessory 
cause  affecting  the  nervous  system.  In  the  treatment  of  diseases 
b)'-  change  of  climate,  the  increased  respiratory  interchange 
which  is  induced  by  cold,  and  tire  diminished  oxidation  which 
takes  place  in  higher  temperatures,  should  be  considered,  as  well 
as  the  great  influence  of  atmospheric  moisture,  in  increasing  the 
exhalation  of  carbonic  acid,  and  of  a dry  air,  in  diminishing  it. 
It  is  possible  that,  in  some  degree,  the  hygienic  value  of  a diy 
climate,  such  as  Egypt,  in  the  treatment  of  diseases  of  ex- 
haustion, may  depend  upon  the  comparatively  limited  amount 
of  waste  and  oxidation  of  the  tissues  generally. 

In  hybernating  animals,  the  quantity  of  oxygen  absorbed 
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and  carbonic  acid  evolved,  is,  like  the  respiratory  movements 
themselves,  reduced  to  a minimum,  or,  it  is  said,  the  respira- 
tory interchanges  are  even  absolutely  arrested. 


Effects  of  Breathing  other  Gases  than  Air. 

As  already  mentioned,  many  gases  and  vapours  of  volatile 
substances,  are  introduced  into  the  system,  by  absorption  from 
the  pulmonary  mucous  membrane.  Chloroform,  ether,  cam- 
phor, and  turpentine,  thus  produce  their  characteristic  active 
results  on  the  system ; so  likewise  do  tobacco  smoke,  the  smoke 
of  the  datura  stramonium,  and  the  vapour  of  mercury.  The 
gaseous  combinations  of  hydrogen  with  other  elements,  such  as 
arseniuretted,  phosphuretted,  sulphuretted,  and  carburetted 
hydrogen,  are  especially  and  directly  poisonous.  The  arseniu- 
retted hydrogen  is  the  most  powerful,  less  than  one-tenth  of  a 
grain,  when  inhaled,  having  proved  fatal  to  Man.  Sulphuretted 
hydrogen  stands  next  in  potency,  air  containing  from  one  to 
three  per  cent,  having  been  respired  without  much  incon- 
venience to  Man,  though  much  less  destroys  animals.  Car- 
buretted hydrogen,  or  marsh  gas,  the  fire-damp  found  in 
coal  mines,  is  still  less  active  as  a poison,  but  destroys  life 
when  present  in  large  proportions.  The  vapours  of  nitric, 
nitrous,  sulphurous,  and  hydrochloric  acids,  as  well  as  those  of 
ammonia,  which  are  compound  bodies,  and  those  of  bromine, 
iodine,  and  chlorine,  which  are  simple  bodies,  are  likewise 
positively  injurious  when  inhaled  into  the  lungs,  causing 
direct  irritation  of  the  mucous  membrane,  and  producing 
decompositions  of  a special  kind  when  taken  into  the  blood. 
Besides  causing  an  increase  of  the  mucous  secretion,  intense 
bronchorrhoea,  serous  inflammation,  and  often  permanent 
cough,  they  frequently  produce,  through  reflex  nervous  action, 
violent  spasm  of  the  glottis,  and  so  may  cause  asphyxia  or 
death  from  suffocation,  without  entering  the  air-tubes ; some- 
times death  results  from  oedema  of  the  glottis.  There  is  one 
gas,  a compound  of  nitrogen  with  oxygen,  the  nitric  oxide,  or 
laughing-gas,  which,  when  inhaled  for  some  minutes,  produces 
a state  of  temporary  intoxication,  and,  at  the  same  time,  main- 
tains resj^iratory  chemical  changes,  at  the  expense  of  the 
oxygen  contained  in  it,  the  products  of  respiration  being,  in 
such  a case,  carbonic  acid  with  a large  excess  of  nitrogen. 
By  a long  continuance  of  the  experiment,  insensibility,  and, 
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as  has  been  shown  on  animals,  actual  suiFocation,  probably 
from  the  carbonic  acid,  may  be  produced. 

Beside.s  these  directly  irritant  and  poisonous  gases,  there 
are  some  which  are  only  indirectly  injurious,  being  in  them- 
selves inert  and  innocuous.  Thus,  snails  have  been  kept  in  pure 
hydrogen  for  a long  time,  and  frogs  as  long  as  fourteen  hours, 
without  any  injurious  effects ; and  nitrogen  is  equally  harm- 
less to  frogs  (Collard  de  Martigny,  Muller,  Bergmann).  In  the 
experiments  on  frogs,  carbonic  acid  is  exhaled,  for  a time,  in 
as  great,  or  even  greater,  quantity  than  if  the  animals  had 
breathed  atmospheric  air ; more  is  excreted  in  hydrogen  than 
in  nitrogen.  The  total  quantity  of  carbonic  acid,  so  given 
off,  is,  however,  limited,  doubtless  because  no  more  oxygen 
can  be  absorbed  ; the  lungs  of  the  frog  have  been  usually 
emptied  of  air,  by  compression  or  the  use  of  the  air-pump, 
and  the  only  oxygen  left  in  the  animal,  was  that  in  the  blood 
or  the  tissues.  Some  of  the  hydrogen  and  nitrogen  seems  to  be 
absorbed,  but  only  in  small  quantity.  The  exhalation  of  car- 
bonic acid  in  these  cases,  must  be  owing  to  the  successive  moist 
and  dry  diffusion  taking  place  into  the  hydrogen  or  nitrogen ; 
and  the  diffusive  force,  in  the  former  gas  especially,  would  be 
much  greater  than  that  into  air.  In  the  case  of  TTarm-blooded 
animals,  only  the  newly-born  or  very  young  can  support  such 
an  experiment,  without  the  rapid  extinction  of  life  ; but  they 
may  live  a short  time,  and  yield  carbonic  acid  to  the  artificial 
atmosphere  of  hydrogen  or  nitrogen.  Fully-grown  Birds  and 
Mammalia,  expire  rapidly  in  pure  hydrogen  or  nitrogen  ; the 
symptoms  being  instantaneous  difficulty  of  respiration,  gasping, 
loss  of  muscidar  power,  and,  at  the  end  of  two  or  three  minutes, 
cessation  of  the  heart’s  action ; the  lungs  are  formd  engorged 
with  venous  blood.  The  animals,  indeed,  are  asphyxiated 
from  the  deprivation  of  oxq^gen,  of  which  they  require  a larger 
and  more  constant  supply,  in  comparison  with  the  j'oung  of  the 
same  species,  or  with  Cold-blooded  animals.  That  the  nitro- 
gen is  not  in  itself  injurious,  is  obvious  from  the  large  propor- 
tion of  it — about  four-fifths — in  ordinary  atmospheric  air ; and 
that  the  same  is  true  of  hydrogen,  is  shown  by  the  fact  that,  if 
this  gas  be  mixed  with  oxygen,  in  the  same  proportions  as 
nitrogen  and  oxygen  exist  in  the  air,  animals  live  and  breathe 
in  such  a mixture,  without  the  least  inconvenience. 

From  all  that  has  preceded,  it  is  evident  that  of  the  two  ga.ses 
in  the  atmosphere,  the  oxygen  is  the  active  ingredient  in  respira- 
tion ; for  nitrogen  alone,  as  we  have  seen,  causes  suffocation. 
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Hence  oxygen  has  been  named  vital  air.  Considered  in 
reference  to  its  ofSce,  it  is  a supporter  of  life,  or  of  the  proper 
animal  fimctions ; but,  as  regards  the  body  itself,  it  is  a de- 
structive, not  a constructive,  agent,  operating  constantly  in  its 
disintegration  and  oxidation,  in  the  various  processes  of  animal 
life.  The  proper  medium  for  healthy  respiration,  is  pure  at- 
mospheric air,  which  contains,  besides  a minute  trace  of  carbonic 
acid,  four-fifths  of  nitrogen,  and  only  one-fifth  of  oxygen.  But 
an  addition  to  the  normal  quantity  of  oxygen,  is  of  more  or 
less  importance.  Twice  or  three  times  the  usual  quantity  in 
air,  at  first  causes  no  apparent  inconvenience,  and  no  special 
change  in  the  products  of  respiration ; but  it  is  probable  that, 
after  a time,  certain  injurious  consequences  would  ensue, 
though  experiments  are  wanting  to  determine  the  point.  Pure 
oxygen,  hoAvever,  is  highly  injurious ; the  vital  functions  are 
stimulated  as  if  by  a fever ; the  pulse  and  respiration  are  in- 
creased in  frequency;  after  an  hour,  insensibility  gradually 
comes  on,  complete  coma  then  ensues,  and  death  occurs  in  from 
six  to  twelve  hours.  On  examination  of  the  animal,  the  heart  is 
formd  pulsating  violently,  although  the  motion  of  the  diaphragm 
is  arrested.  The  blood,  after  death,  is  of  a bright  colour 
in  the  veins,  as  well  as  in  the  arteries ; the  mucous  membranes 
are  red  ; the  blood  coagulates  quickly ; oxygen  has  evidently 
been  absorbed  in  large  quantity ; the  blood  in  the  systemic 
capillaries  is  no  longer  properly  changed  to  venous  blood ; and, 
on  the  other  hand,  the  presence  of  over-oxygenated  blood  in  the 
nervous  centres  which  govern  respiration,  lessens  their  activity, 
which  is  called  into  play  apparently  by  the  stimulus  of  a certain 
quantity  of  carbonic  acid  in  the  blood.  The  symptoms  produced 
by  breathing  oxygen,  are  rapidly  alleviated  by  respiration  in 
atmospheric  air. 

Of  the  three  compoimd  gases  containing  carbon,  viz.  car- 
buretted  hydrogen  C H4,  carbonic  oxide  C 0,  and  carbonic  acid 
C O2,  carbonic  oxide  is  the  most  poisonous.  This  gas,  which 
is  produced  by  the  imperfect  combustion  of  carbon,  is  given 
off,  together  with  carbonic  acid,  in  the  fumes  of  burning  coke 
or  charcoal.  The  addition  of  5 per  cent,  of  this  gas  to 
air,  is  sufficient  to  make  it  irrespirable,  and  to  cause  death, 
and  it  is  this  gas,  rather  than  the  carbonic  acid,  which  pro- 
duces fatal  results,  in  suicide  by  charcoal  fumes.  In  these 
fumes,  however,  besides  the  carbonic  acid  and  the  carbonic 
oxide,  there  are  ammoniacal  salts,  an  empyreumatic  oil,  some- 
times sulphurous  acid,  watery  vapour,  nitrogen,  and  traces  of 
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free  oxygen.  The  symptoms  produced  by  smaller  quantities 
of  carbonic  oxide  in  air,  are,  giddiness,  faintness,  headache, 
convulsions,  and  irregularity  of  the  pulse ; the  freest  inspira- 
tions, or  insufflations  of  pure  air,  or  of  diluted  oxygen,  are 
essential  for  recovery  at  such  a crisis.  When  death  ensues  from 
the  breathing  of  carbonic  oxide,  the  blood  is  not  found  dark,  as 
in  asphyxia  from  carbonic  acid,  but  even  the  venous  blood  is 
of  a bright  red  hue,  and  the  properties  of  the  corpuscles  are 
permanently  modified  ; for  they  exhibit  no  further  changes  on 
exposure  to  oxygen  or  to  carbonic  acid. 

Carbonic  acid  being  a natural  product  of  the  respiratory 
process,  its  injurious  effects  upon  animal  life,  possess  an  inte- 
rest greater  than  that  which  attaches  to  those  of  other  gases. 
The  quantity  of  this  gas  in  ordinary  air,  is  about  4 parts  in 
10,000,  part,  or  '04  per  cent.  In  air  once  breathed, 

the  proportion  rises  to  about  4 per  cent,  i.  e. 

400  parts  in  10,000,  a corresponding  quantity  of  oxygen  being 
■simultaneously  removed.  If  this  air  be  respired  a second  time, 
a much  smaller  portion  of  carbonic  acid  is  added  to  it,  and 
still  less,  at  each  subsequent  respiration.  When  air  contains 
about  10  per  cent,  or  volume,  of  carbonic  acid,  when 

one-half  of  the  normal  quantity  of  oxygen,  has  likewise  dis- 
appeared, it  is  iirespirable,  and  fatal  to  man.  Warm-blooded 
animals  have  been  found  to  die  in  an  atmosphere  containing 
from  12  to  18  per  cent.  The  symptoms  of  poisoning,  may  be 
said  to  begin  Avith  even  a much  smaller  proportion  in  the  air, 
even  with  as  little  as  one-third  per  cent.  For  a time,  no  marked 
symptoms  are  observed,  but  after  a certain  interval,  there 
occur  headache,  sense  of  fulness  in  the  temples  and  occiput, 
giddiness,  muscular  prostration,  oppression  of  the  chest,  difficult 
respiration,  palpitation  of  the  heart,  subjective,  distrrrbed  sen- 
sations, such  as  singing  noises  in  the  ears  and  flashes  of  light, 
faintness,  delirium,  then  drowsiness,  unconsciousness,  convul- 
sions, coma,  and  death.  Sometimes  vomiting  occurs,  and  oc- 
casionally death  ensues  from  apoplexju  On  examination  after 
death,  the  cerebral  A'-essels  are  found  congested,  and  serous 
exudations  to  be  present  in  the  ventricles  and  at  the  base  of 
the  brain ; sometimes  clots  of  blood  are  formd  in  the  sub- 
stance of  the  brain.  Carbonic  acid  is  the  choke-damp  of  mines. 
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Asphyxia. 

When  a person  is  completely  immersed  in  an  atmosphere 
of  almost  pure  carbonic  acid.,  as  in  brewers’  vats,  in  cellars  in 
which  wine  is  fermented,  or  in  caverns,  such  as  the  Grotto  del 
Cane,  death  occurs  much  more  rapidly  ; the  glottis  is  some- 
times spasmodically  closed,  and  respiration  is  as  completely 
arrested  by  this  impediment  to  the  passage  of  air,  as  it  is  in 
strangulation,  or  in  any  other  mechanical  form  of  suffocation. 
Even  if  the  glottis  should  remain  patent,  the  entire  absence 
of  oxygen  from  such  an  atmosphere,  woidd  produce  suffocation 
almost  as  speedily ; for  twenty  seconds  is  the  extreme  time 
during  which  the  breath  can  be  held  by  voluntary  effort ; so 
that  suffocation  might  be  said  to  commence  at  the  expiration 
of  that  brief  period.  In  any  case,  the  form  of  death,  which  so 
rapidly  ensues,  is  that  by  asphyxia,  the  essential  characters 
of  which,  are,  loss  of  muscular  power  and  consciousness,  cessa- 
tion of  the  movements  of  the  chest,  and  then  of  the  pulsations 
of  the  heart,  with  accumulation  of  blood  in  the  right  side  of 
that  organ,  and  in  the  whole  venous  system,  so  that  even  the 
skin  becomes  livid.  The  blood  remains  a long  time  fluid. 

The  mode  in  which  death  occurs  from  asphyxia,  whethei; 
caused  by  compression  of  the  chest  and  abdomen,  by  direct 
suffocation  from  external  strangulation,  internal  choking,  or 
spasmodic  closure  of  the  glottis,  or  whether  produced  indi- 
rectly by  immersion  in  some  irrespirable  gas,  or  in  water,  by 
paralysis  of  the  respiratory  nervous  centres,  or  by  narcotic 
poisonings,  is  somewhat  complicated.  The  respiratory  inter- 
changes of  carbonic  acid  and  oxygen,  between  the  blood  in  the 
pulmonary  capillaries  and  the  air  in  the  air-cells,  diminish  or 
cease ; the  venous  blood,  reaching  the  lungs,  no  longer  gives  off 
its  carbonic  acid,  and  the  pulmonary  capillary  circulation  is 
more  or  less  quickly  stopped.  The  forward  effects  of  this, 
are,  that  the  left  side  of  the  heart  receives,  at  first,  imperfectly 
aerated  blood,  and  then  httle  or  no  blood  at  all,  so  that  the 
functions  of  the  brain  and  nervous  centres,  of  the  muscu- 
lar system,  and  of  the  heart  itself,  all  of  which  require,  for 
their  maintenance,  a due  supply  of  arterial  blood,  gradually  or 
rapidly  cease ; ultimately,  the  left  side  of  the  heart  and  the 
arteries,  accommodating  themselves  by  their  muscular  con- 
tractility and  elasticity,  are  nearly  or  entirely  emptied,  or  con- 
tain but  very  small  quantities  of  dark  non-aerated  blood.  On 
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the  other  hand,  the  bacTcward  effects  of  the  arrested  circulation 
in  the  pulmonary  capillaries,  are  ultimately,  to  distend  the  right 
side  of  the  heart,  and  the  entire  venous  system,  ■\vith  very  dark 
blood.  The  stagnation  of  the  blood  in  the  pulmonary  capil- 
laries, which  is  the  first  stage  of  the  fatal  process,  has  been 
attributed  to  some  direct  influence  of  the  carbonic  acid  on  the 
blood  corpuscles ; for  the  circulation  in  the  transparent  parts  of 
animals,  may  be  arrested,  by  subjecting  the  capillaries  to  the 
action  of  carbonic  acid ; moreover,  as  the  red  corpuscles  of 
the  blood  undergo  enlargement  when  acted  upon  by  this  gas, 
it  has  been  supposed  that  these  bodies  may  then  obstruct  the 
capillaries  mechanically  (Wliarton  Jones).  It  has  also  been  sug- 
gested that  there  exist,  in  the  healthy  state,  certain  local  attrac- 
tions and  repulsions  between  the  walls  of  the  pulmonary  ca- 
pillaries and  the  currents  of  the  non-aerated  and  the  aerated 
blood  respectively,  connected  with  the  respiratory  interchanges 
of  the  carbonic  acid  and  oxygen,  which  are  essential  to  the 
onward  movement  of  the  blood-current. 

In  the  slower  forms  of  asphyxia,  indicated  by  the  more 
gradually-developed  cerebral  symptoms,  the  stagnation  of  the 
blood  in  the  pulmonary  capillaries,  is  preceded  by  a simple 
retardation  of  the  blood-current  in  them ; but  the  entire  blood 
is  defectively  aerated.  Hence  this  fluid,  owing  to  its  ab- 
normal condition,  passes  imperfectly  through  the  systemic 
capillaries;  the  arteries  and  the  left  ventricle  become  some- 
what distended,  and  the  heart  for  a time  beats  more  powerfully 
and  more  frequently,  as  if  to  overcome  this  resistance.  But 
the  activity  of  the  nervous  centres  and  muscular  system  is 
soon  diminished,  in  proportion  as  the  blood  becomes  less  and 
less  aerated  ; at  length,  both  are  completely  paralysed,  the 
senses  fail,  consciousness  is  lost,  the  respiratory  nervous  centres 
lose  their  power,  respiration  becomes  laboured  and  much  in- 
terrupted, general  convulsions  ensue,  and  respiration  ceases. 
The  contractile  power  of  the  heart  itself,  becoming  diminished, 
it  beats  more  slowly,  and  at  length  ceases  to  contract.  The 
left  ventricle  not  only  no  longer  receives  its  appropriate  stimu- 
lating blood,  but  even  loses  its  pov^er  of  rhythmic  contraction, 
owing  to  the  poisoning  of  the  blood  in  the  nuti'ient  vessels  of 
the  heart  and  its  nervous  ganglia ; whilst  the  cessation  of  the 
action  of  the  right  ventricle,  is  chiefly  the  result  of  over-dis- 
tension, for  venous  blood  is  its  proper  stimulus,  and  the  con- 
tractility of  that  side  of  the  heart  is  retained,  for  more  or  less 
time,  after  it  has  ceased  to  beat  spontaneously.  It’,  indeed, 
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the  state  of  over-distension  be  relieved  by  puncturing  the 
right  auricle,  or  the  great  veins,  the  right  ventricle  will  again 
begin  to  contract ; whilst  the  left  ventricle  may  be  once  more 
excited  by  duly  arterialised  blood.  By  some,  it  has  been  sup- 
posed that  the  obstruction  to  the  pulmonary  capillary  circula- 
tion, is  due  to  the  mechanical  non- expansion  of  the  lungs,  but 
it  also  occurs  in  asphyxia  produced  in  animals  made  to  respire 
nitrogen,  in  which  case,  the  lungs  are  not  contracted.  More- 
over, the  vascular  pulmonary  obstruction,  which  is  caused  by 
asphyxia,  is  relieved  by  the  inhalation  of  oxygen  very  rapidly, 
as  compared  with  the  gradual  dilatation  of  the  arterial  system, 
when  any  mechanical  obstruction  to  the  circulation  of  the 
blood  in  them,  has  to  be  removed.  The  question  has  arisen, 
whether  in  asphyxia  from  the  inhalation  of  carbonic  acid, 
the  result  is  due  to  the  diminished  supply  of  oxygen,  or  to  a 
directly  poisonous  effect  of  the  carbonic  acid  itself.  The 
latter  conclusion  is  supported  by  the  fact  that  when  animals 
are  made  to  breathe  an  atmosphere  consisting  of  carbonic  acid, 
mixed  with  oxygen  in  the  same  proportion  as  exists  in  air, 
or  even  in  much  greater  proportion,  they  are  still  quickly  de- 
stroyed by  asphyxia.  It  has  been  found,  moreover,  that  a 
diminution  in  the  proportion  of  oxygen,  increases  the  poison- 
ous effects  of  the  ca  rbonic  acid ; where  the  quantity  of  oxygen 
is  reduced  to  IG  or  lO-^  per  cent.,  death  speedily  ensues,  even 
though  the  carbonic  acid  is  constantly  being  removed  ; but  if 
the  oxygen  be  maintained  at  its  ordinary  proportion  of  21  per 
cent.,  the  ill  effects  of  carbonic  acid  are  not  manifested  more 
rapidly,  even  though  as  much  as  20  per  cent,  of  that  gas  be 
present  in  the  respired  air.  A still  more  positive  proof  of  the 
directly  poisonous  influence  of  carbonic  acid,  is  furnished  by 
the  following  singular  experiment.  One  bronchus  of  a tor- 
toise was  tied,  and  the  animal  lived  apparently  without  incon- 
venience ; the  respiration,  accomplished  by  one  lung,  being 
temporarily  sufficient.  But  if,  by  special  arrangements,  ordi- 
nary air  was  allowed  to  enter  one  lung,  and  carbonic  acid  the 
other,  through  their  respective  bronchi,  the  animal  soon  died, 
the  introduction  of  carbonic  acid  into  the  system,  being  the 
sole  difference  in  the  two  conditions.  This  experiment  also 
proves  that  carbonic  acid  may,  in  certain  conditions,  not  only 
not  escape  from  the  lungs,  but  may  actually  be  absorbed  by 
them  (Piolando). 
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Suspended  Respiration  and  Animation. 

The  length  of  time  which  different  animals,  or  ]\Ian,  can  sur- 
vive without  respiration,  varies,  according  to  many  conditions, 
chiefly  referable  to  the  relative  degree  of  activity  of  the  ani- 
mal functions  in  any  given  case,  but  sometimes  also  to  special 
provisions.  The  more  active  the  nutritive  and  respiratory 
processes,  and  the  greater  the  development  of  heat,  the  sooner 
does  death  by  suffocation  ensue.  Thus,  cold-blooded  animals, 
with  the  feebler  activity  of  all  their  functions,  have  less  need 
for  air  than  warm-blooded  animals,  the  water-newt,  e.g.  fre- 
quently remaining,  even  in  its  active  summer  life,  a quarter 
of  an  hour  or  more  under  water;  whilst  frogs  and  lizards 
have  been  kept,  in  experiments,  for  years  without  food,  en- 
closed in  porous  stones,  or  buried  in  earth  ; but  when  they  are 
hermetically  enclosed,  they  sooner  or  later  die.  'Warm-blooded 
animals  and  iVIan,  on  the  other  hand,  are  rapidly  asphyxiated. 
Hybernating  Mammalia  are  able  to  live,  in  their  peculiar  tor- 
pid condition,  with  a supply  of  air  so  defective,  that  they  would 
die  asphyxiated  in  it,  during  their  active  summer  condition. 
Newly-born  animals,  being  less  dependent  on  the  perfect  state 
of  respiration,  survive  submersion  for  much  longer  periods, 
especially  when  their  temperature  is  low ; rabbits,  under  such 
circumstances,  having  survived  as  long  as  26  minutes,  and 
puppies  even  .50  minutes ; young  guinea-pigs,  however,  do 
not  seem  to  possess  this  immunity.  Even  frill-grown  animals 
resist  the  injurious  effects  of  submersion  in  water,  for  a longer 
time  than  usual,  when  their  temperature  has  been  previously  re- 
duced as  low  as  64°,  but  not  lower  (Brown- Sequard).  Again, 
it  has  been  observed,  that  full-grown  warm-blooded  animals  die 
sooner  from  drowning,  than  from  simple  apncea  caused  by  im- 
mersion in  nitrogen  or  hydrogen,  by  choking,  or  by  strangula- 
tion, the  more  rapid  fatal  result  in  drovming,  being  due,  not  only 
to  the  deprivation  of  air,  but  to  the  partial  filling  of  the  air- 
passages  and  air-cells  with  water,  and  to  the  poisonous  effects 
of  carbonic  acid.  Thus,  the  average  time  in  which  rabbits, 
.suddenly  deprived  of  air,  cease  apparently  to  live,  has  been 
found  to  be  3 min.  25  sec.  ; in  the  case  of  dogs,  the  time  is  4 
min.  5 sec. ; the  action  of  the  heart,  however,  was  maintained 
for  7 min.  1.0  sec. ; moreover,  the  animals  thus  deprived  of 
air,  could  be  restored  to  life  after  3 min.  50  sec.  On  the 
other  hand,  an  immersion  in  water  for  only  1 ^ or  2 minutes. 
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usually  rendered  recovery  impossible.  Lastly,  if  the  trachea 
of  an  animal  be  divided  and  plugged,  so  that  the  water  may 
be  excluded  from  the  air-passages,  and  it  be  then  submerged, 
even  for  four  minutes,  it  may  recover  its  respiratory  power 
(Hep.  Med.  Chir.  Soc.).  Animals  subjected  to  a diminished 
atmospheric  pressure  under  the  receiver  of  an  air-pump,  are 
asphyxiated,  sometimes,  perhaps,  owing  to  the  liberation  of 
gases  in  the  blood  of  the  small  pulmonary  bloodvessels. 

Li  a few  Warm-blooded  Mammalia,  destined  for  an  aquatic 
life,  as,  e.g.  in  the  Cetacea,  there  exist  special  provisions  in  the 
presence  of  arterial  and  venous  pleuxuses  or  diverticula,  in 
which  the  blood  may  accumrdate  during  their  submergence. 
The  retia  mirabilia,  or  wonderful  networks  of  the  arteries, 
contain  a supply  of  oxygenated  blood,  which  is  employed,  as 
required,  by  the  submerged  animal ; whilst  the  large  venous 
plexuses  receive  a like  quantity  of  deoxygenated  blood.  Whales 
can  remain  upwards  of  an  hour  beneath  the  water.  Certain 
diving  birds  possess  similar  diverticida  of  both  arteries  and 
veins. 

In  Man,  under  ordinary  circumstances,  the  breath  can  be 
held  for  about  20  seconds ; but  after  an  ordinary  inspiration, 
the  period  of  endurance  without  air,  may  be  prolonged  to  25 
seconds.  If,  however,  a single  forcible  expiration  be  made, 
and  then  a deep  inspiration  be  taken,  the  period  may  be  ex- 
tended to  about  33  seconds.  If  five  or  six  deep  expirations 
and  inspirations  be  made,  one  after  the  other,  so  as  to  clear 
the  lungs  as  completely  as  possible  of  used-up  air,  and  then  a 
deep  inspiration  be  taken,  from  one  and  a half  to  two  minutes 
may  be  allowed  to  pass  without  inconvenience  from  want  of  air, 
with  the  exception  of  slight  giddiness  at  first.  This  fact  it  is 
useful  to  remember  in  passing  throirgh  rooms  filled  with 
smoke  or  on  fire,  or  on  entering  such  rooms,  or  descending 
a vat,  or  diving  in  water  to  save  the  life  of  another.  In  en- 
tering an  apartment  on  fire,  or  filled  with  smoke,  it  is  better 
to  stoop  or  creep  along  the  floor,  as  the  air  in  that  situation  is 
cooler  and  less  pungent;  birt  in  the  case  of  wells,  brewers’ 
vats,  or  sewers,  the  entrance  of  which,  for  a time,  is  most 
hazardous,  there  is  no  great  elevation  of  temperature,  and  the 
lower  strata  of  air  are  the  most  poisonous.  By  practice,  persons 
may  accustom  themselves  to  an  interruption  of  the  respiratory 
process  for  three  or  four  minutes,  without  loss  of  consciousness, 
or  other  serious  consequences,  three  minutes  being  the  ordinary 
limit  attained  by  the  skilled  pearl-divers  of  Ceylon. 
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Some  of  these  divers  use  a small  spring-dip,  made  of  horn, 
which  they  slip  over  the  end  of  the  nose,  the  instant  before 
they  enter  the  water.  This,  on  the  one  hand,  prevents  the 
escape  of  air  from  the  thorax  through  the  nose,  and,  on  the 
other,  the  entrance  of  water  through  the  same  passage ; without 
this  contrivance,  the  diver  must  hold  the  nose  with  one  hand, 
which  would  limit  his  powers  of  search  and  prehension  at 
the  bottom  of  the  sea ; moreover,  if  the  nostrils  are  not  closed, 
the  muscles  of  the  glottis  and  of  inspiration  must  be  kept 
incessantly  strained,  or  an  irresistible  expiratory  effort  would 
take  place,  and  expel  some  air  from  the  chest.  TTith  this 
protection  on  the  nose,  however,  the  diver  has  only  to  keep 
the  mouth  closed;  the  inspiratory  muscles  are  not  required 
to  act,  and  the  contents  of  the  chest  are  mechanically  retained. 

Persons  who  have  been  submerged  for  four  or  five  minutes, 
are  rarely  restored  to  life,  and  sometimes,  often  owing,  doubt- 
lessly, to  the  entrance  of  water  into  the  air-passages,  persons  who 
have  been  submerged  scarcely  a minute,  cannot  be  resuscitated. 

A submergence  of  five  minutes,  is  almost  certainly  fatal  to 
hlan,  still  recoveries  have  occasionally  taken  place  after  much 
longer  periods,  even  a quarter  of  an  hour,  and  it  is  said  after  half 
an  hour  or  more.  In  such  cases,  however,  it  is  believed  that  just 
before,  or  at  the  moment  of  immersion,  stjncope,  Irom  some 
cause  or  other,  has  taken  place.  In  this  condition,  or  in  a state 
of  trance,  the  heart  beats  feebly,  or  scarcely  at  all,  the  respi- 
rations are  weak  and  shallow,  and  life  may  be  said  to  be 
interrupted,  or  so  feebly  maintained,  that  it  may  be  continued 
as  well  under  the  water,  as  above  it ; venous  blood  is  not 
propelled  through  the  system,  so  that  the  nervous  centres  are 
not  poisoned  by  carbonic  acid;  and,  unless  the  temperature  of 
the  water  be  very  low,  the  vitality  of  the  respiratory  nervous 
centres,  of  the  muscles  of  respiration,  and  especially  of  the 
heart,  may  be  suspended,  but  not  altogether  destroyed.  Such 
a condition  of  syncope  or  fainting,  may  be  produced,  either  by  a 
severe  blow  causing  concussion  of  the  brain,  by  other  physical 
shocks  to  the  body,  by  sudden  fright,  or  violent  passion.  For 
these  reasons,  attempts  at  the  resuscitation  of  apparently 
drowned  persons,  should  always  be  resolutely  persevered  in, 
even  under  most  unfavourable  circumstances. 

Certain  methodical  rules  have  been  laid  do-wn,  by  means  of 
so-called  artificial  respiration,  for  the  recovery  of  drowned 
persons ; and,  with  the  exception  of  such  parts  of  those  rules,  as 
relate  to  the  removal  of  water  from  the  mouth  and  nostrils,  and 
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the  replacing  of  cold  and  wet,  by  warm  dry  clothing,  similar 
instructions  would  apply  to  the  recovery  of  persons  suffocated 
in  brewers’  vats,  wells,  and  sewers,  and  also  to  those  asphyx- 
iated in  the  administration  of  ether  or  chloroform.  In  the 
case  of  persons  mechanically  strangled  or  choked,  the  external 
or  internal  cause  of  obstruction  in  the  air-passages,  must  of 
course  be  first  removed.  The  earlier  rules,  published  by  the 
Koyal  Humane  Society,  for  the  recovery  of  drowning  persons, 
Avere  improved  by  Dr.  Marshall  Hall ; but  the  most  simple 
and  convenient  are  those  of  Dr.  Silvester,  which  have  been 
incorporated  with  the  present  rules  of  that  Society. 

Euxes  of  the  Eotai.  Humane  Society. 

Treatment  to  restore  Natural  Breathing. 

Eule  I. — To  maintain  a Free  Entrance  of  Air  into  the  Windpipe. — • 
Cleanse  the  mouth  and  nostrils ; open  the  mouth  ; draw  forward  the 
patient’s  tongue,  and  keep  it  forward  ; an  elastic  hand  over  the  tongue 
and  under  the  chin  will  answer  this  piupose.  Eemove  all  tight 
clothing  from  about  the  neck  and  chest. 

Eijxe  2. — To  adjust  the  Patient's  Position. — Place  the  patient  on  his 
back  on  a flat  surface,  inclined  a little  from  the  feet  upwards ; raise 
and  support  the  head  and  shoulders  on  a small  firm  cushion  or  folded 
article  of  dress  placed  under  the  shoulder-blades. 

Eule  3. — To  imitate  the  Movements  of  Breathing. — Grasp  the  patient’s 
arms  just  above  the  elbows,  and  draw  the  arms  gently  and  steadily 
upwards,  until  they  meet  above  the  head  (this  is  for  the  purpose  of 
drawing  air  into  the  lungs) ; and  keep  the  arms  in  that  position  for 
two  seconds.  Then  turn  down  the  patient’s  arms,  and  press  them 
gently  and  firmly  for  two  seconds  against  the  sides  of  the  chest  (this 
is  with  the  object  of  pressing  air  out  of  the  lungs.  Pressure  on  the 
breast-bone  Avill  aid  this).  (The  Silvester  method.) 

Eepeat  these  measures  alternately,  deliberately,  and  perseveringly, 
fifteen  times  in  a minute,  until  a spontaneous  effort  to  respire  is 
perceived,  immediately  upon  which  cease  to  imitate  the  move- 
ments of  breathing,  and  proceed  to  Induce  Cieculation  and 
Warmth. 

Should  a warm  bath  he  procurable,  the  body  may  be  placed  in  it  up 
to  the  neck,  continuing  to  imitate  the  movements  of  breathing.  Eaise 
the  body  in  twenty  seconds  in  a sitting  position,  and  dash  cold  water 
against  the  chest  and  face,  and  pass  ammonia  under  the  nose.  The 
Patient  should  not  be  kept  in  the  warm  bath  longer  than  five  or  sis 
minutes. 

Eule  4. — To  excite  Inspiration. — During  the  employment  of  the  above 
method  excite  the  nostrils  with  snuff  or  smelling-salts,  or  tickle  the 
throat  with  a feather.  Eub  the  chest  and  face  briskly,  and  dash  cold 
and  hot  water  alternately  on  them. 
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Treatment  after  Natural  Breathing  has  been  restored. 

Eule  5. — To  induce  Circulation  and  Warmth. — Wrap  the  patient  in 
dry  blankets  and  commence  rubbing  tbe  limbs  upwards,  firmly  and 
energetically.  Tbe  friction  must  be  continued  under  tbe  blankets  or 
over  tbe  dry  clothing. 

Promote  the  warmth  of  tbe  body  by  tbe  application  of  hot  flannels, 
bottles  or  bladders  of  hot  water,  heated  bricks,  &c.,  to  tbe  pit  of  the 
stomach,  the  armpits,  between  tbe  thighs,  and  to  the  soles  of  the 
feet.  Warm  clothing  may  generally  be  obtained  from  by-standers. 
On  the  restoration  of  life,  when  the  power  of  swallowing  has  returned, 
a teaspoonful  of  warm  water,  small  quantities  of  wine,  warm  brandy 
and  water,  or  coffee,  should  be  given.  The  patient  should  be  kept 
in  bed,  and  a disposition  to  sleep  encouraged.  During  reaction  large 
mustard  plasters  to  the  chest  and  below  the  shoulders  will  greatly 
relieve  the  distressed  breathing. 

In  the  recovery  from  drowning,  or  from  other  forms  of 
asphyxia,  the  various  phenomena  which  characterise  the  pro- 
duction of  that  state,  are,  as  it  were,  reversed  or  undone, 
beginning  at  the  re-establishment  of  the  flow  of  blood  through 
the  pulmonary  capillaries.  On  the  introduction  of  air  into  the 
lungs,  by  the  artifleial  imitation  of  the  respiratory  movements, 
oxygen  is  once  more  absorbed  by,  and  carbonic  acid  given  off 
fi'om,  the  venous  blood  reaching  those  organs ; these  renewed 
chemical  changes  in  the  blood,  induce  again  its  onward  motion 
through  the  capillaries  into  the  pulmonary  veins;  thence  it 
flows  on,  more  or  less  oxygenated,  into  the  left  side  of  the 
heart,  which  restmies  contractions  of  sufiicient  strength  to 
propel  this  oxygenated  blood  into  the  nutrient  arteries  of  the 
heart  and  its  ganglia,  as  well  as  into  the  muscular  and  nervous 
systems  generally.  In  this  way,  the  rhythmic  power  of  the  heart 
itself,  and  the  excitability  of  the  respiratory  nerves,  the  nervous 
centres,  and  muscles,  are  restored,  and,  subsequently,  conscious 
sensation,  perception,  and  volition.  In  the  meantime,  more- 
over, the  restoration  of  the  capillary  circulation  in  the  lungs, 
liberates  the  blood  previously  pent-up  in  the  right  cavities  of 
the  heart,  gradually  unloads  those  cavities,  facilitates,  more 
and  more,  at  each  moment,  their  free  action,  and  so  by  degrees 
empties  the  over-distended  venous  system.  The  freer  return 
of  the  blood  from  the  systemic  capillaries,  being  thus  permitted, 
that  part  of  the  circiilation  also  is  relieved,  the  lividity  and 
coldness  of  the  surface  of  the  body,  are  removed,  and  simul- 
taneously, the  vigour  of  the  left  side  of  the  heart  being  in- 
creased, the  flow  of  properly  oxygenated  blood,  throughout  the 
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whole  system,  and  life  itself  is  restored.  The  action  of  the  air 
upon  the  blood  in  the  capillaries  of  the  skin,  may  slightly  assist 
in  these  favourable  changes ; for  the  lividity  of  the  skin  some- 
times diminishes,  even  when  life  is  not  restored. 

It  has  been  found  by  Dr.  Kichardson,  that  artificial  respira- 
tion, by  direct  inflation  of  the  lungs  of  animals,  fails  to  restore 
the  pulmonary  capillary  circulation,  if  the  beats  of  the  heart 
have  actually  ceased,  an  event  which  usually  occurs  after  five 
minutes.  Insufflation  of  the  lungs  with  hot  air,  is  more  stimu- 
lating to  the  heart,  but  yet  not  adequate  to  restore  the  pulmo- 
nary blood-current.  The  employment  even  of  oxygen  or 
ozone,  mixed  with  the  air,  is  useless,  unless  the  heart  is  still 
acting.  Galvanism  will  revive  the  respiratory  movements, 
but,  unless  the  heart  is  still  beating,  it  fails  to  re-establish  the 
motion  of  the  blood  through  the  lungs.  In  short,  if  once  the 
blood-current  in  the  pulmonary  artery  and  its  branches,  be  in- 
terrupted, the  blood  corpuscles  in  the  small  vessels  speedily 
coalesce,  and  then  the  increasingly  feebler  contractions  of  the 
heart,  merely  propel  blood  into  the  trunk  of  the  pulmonary 
artery,  but  not  through  the  lungs.  Artificial  respiration  by 
insufflation,  or  even  by  Silvester’s  method,  must  not  be  at- 
tempted, or  continued,  when  the  feeblest  natural  respiratory 
movements  are  discernible.  The  introduction  of  air  into  the 
lungs  must  then  be  very  gentle ; the  temperature  of  the  air 
should,  if  possible,  be  as  high  as  120°,  and  never  below  60°. 
Galvanism,  being  exhaustive  of,  as  well  as  stimulating  to  the 
respiratoi-y  muscles,  should  either  be  employed  for  a limited 
time,  or  should  be  perhaps  avoided.  Certain  experiments,  on 
what  Dr.  Richardson  terms  artificial  circulation,  encourage  him 
to  hope,  that  means  may  ultimately  be  found  of  restoring  life, 
if  the  blood  is  not  actually  coagulated,  an  event  which  does  not 
usually  take  place  before  twenty  minutes,  and  may  not  do  so 
within  an  hour,  in  unopened  and  unexposed  bloodvessels.  In- 
jections of  oxygen  into  the  circulation,  or  of  jDeroxide  of  hydro- 
gen into  the  trachea,  may  excite  the  heart  or  muscular  system 
generally,  but  they  do  not  restore  the  circulation  through  the 
lungs.  The  injection  of  vapour,  and  of  hot  water  at  the  tempera- 
ture of  120°,  into  the  veins,  excites  the  action  of  the  heart  in  an 
extraordinary  manner  ; whilst  that  of  Avarm  defibrinated  and 
deoxygenated  blood  has  no  effect.  Galvanism,  applied  to  the 
heart  jointly  Avith  artificial  respiration,  excites  both  sides  of 
that  organ,  and,  for  a time,  restores  the  pulmonary  circulation. 
The  forcible  injection  of  blood  into  the  jugular  vein,  with 
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the  view  of  overcoming  the  resistance  to  the  motion  of  the 
blood  in  the  lungs,  entirely  fails  in  its  object.  On  the  other 
hand,  suction  of  the  blood,  by  aid  of  a syringe  introduced  into  a 
large  artery,  draws  some  of  that  fluid  through  the  pulmonary 
capillaries,  in  an  oxygenated  state,  and  on  its  being  reinjected 
into  the  artery,  so  as  to  reach,  amongst  other  parts,  the  walls 
of  the  heart  through  the  coronary  arteries,  effectually  re-es- 
tablishes the  pulmonary  circulation,  and  all  the  functions  of 
the  body.  The  injection  of  the  blood  back  into  the  artery,  in 
a pulsatory  or  interrupted  manner,  revives  the  action  of  the 
heart  most  completely  from  its  quiescent,  cold,  and  partly 
rigid  state,  even  one  hour  and  five  minutes  after  death.  These 
interesting  experiments,  though  not  yet  of  practical  applica- 
tion in  the  treatment  of  asphyxiated  person.s,  serve  to  corro- 
borate the  generally-received  opinion,  that  an  essential  fact  in 
asphyxia,  is  the  retardation,  and  subsequent  arrest,  of  the  move- 
ment of  the  blood  through  the  ptilmonary  capillaries,  and  point 
to  the  reliefer  removal  of  that  condition,  as  the  turning-point 
of  success  in  all  attempts  at  resuscitation. 


Effects  oj  Breathing  Impure  Air. 

Instances  have  occurred,  in  which  the  carbonic  acid  exhaled 
by  large  numbers  of  persons  crowded  together  in  small  apart- 
ments, has  been  most  destructive  to  human  life.  The  Black 
Hole  of  Calcutta  was  a room  only  18  feet  square,  having  two 
small  windows ; into  this  apartment,  146  prisoners  were 
literally  crammed,  and,  during  one  night,  123  of  them  perished. 
The  cruelty  of  an  enemy,  in  1756,  was  scarcely  more  disastrous 
than  the  ignorance  of  the  captain  of  an  Irish  passenger  steamer, 
in  1848,  Avho,  during  a storm,  confined  under  closed  hatches, 
in  a small  crowded  cabin,  150  passengers,  of  whom  70  died  in 
the  night. 

But  carbonic  acid  produces  injurious  effects,  even  when  h 
exists,  in  the  air,  in  quantities  too  small  to  cause  asphyxia:  as, 
for  example,  when  not  more  than  one  per  cent,  is  present.  Thus, 
in  ill-ventilated  apartments,  the  presence  of  an  excess  of  car- 
bonic acid  in  the  atmos^  here,  interferes  with  the  proper  oxy- 
genation of  the  blood  ; for,  as  already  mentioned,  less  and  less 
carbonic  acid  is  exhaled,  as  the  proportion  of  that  gas  increases 
in  the  inspired  air.  Headache,  oppression  of  the  sense.s,  lassi  - 
tude of  the  muscles,  and  languor  of  the  mind,  are  the  results : 
the  oxidation  of  the  effete  matter.s  of  the  blood,  is  imperfectly 
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performed  or  prevented,  and  they  accordingly  accumulate  in 
that  fluid  ; the  pulmonary  and  cutaneous  exhalations  become 
still  more  loaded  with  such  substances,  and,  together  with  the 
carbonic  acid  itself,  and  the  ordinary  exhalations  from  the  skin 
and  lungs — Avith  which  the  air  in  such  confined  apartments,  is 
already  infected — produce  still  more  depressing  effects  upon, 
and  ultimate  injurious  consequences  to,  the  system. 

Dui’ing  each  minute,  an  ordinary  adult  inspires  and  expires 
360  cubic  inches  of  air,  exhales  14‘4  cubic  inches  of  carbonic 
acid,  and  absorbs  at  least  15  cubic  inches  of  oxygen  ; this 
renders  150  cubic  inches  of  air  totally  irrespirable ; for,  as 
already  mentioned,  this  condition  is  arrived  at,  when  half  the 
normal  quantity  of  oxygen  (30  parts  in  150)  is  replaced  by 
carbonic  acid.  But  in  order  that  the  air  of  any  room,  should 
be  fit  for  continuous  respiration,  a much  greater  change  must 
be  effected  in  it,  than  that  of  merely  rephicing,  minute  by 
minute,  the  360  crrbic  inches  of  air  breathed  in  that  time. 
For  the  4 per  cent,  of  carbonic  acid  contained  in  it,  is  sufficient, 
with  the  concurrent  loss  of  oxygen,  to  deteriorate  a much 
larger  quantity  of  air.  It  is  100  times  more  than  that  which 
is  present  in  common  air,  for  this  is  only  ‘04  per  cent. ; and 
therefore,  even  when  diluted  Avith  100  times  its  volume  of 
ordinary  air,  the  mixture  Avoiild  still  contain  tAvice  the  normal 
quantity  of  carbonic  acid,  viz.,  '08  per  cent.,  or  8 parts  in 
10,000 ; this  is  about  the  average  quantity  in  the  air  of  certain 
large  manufacturing  toAvns.  For  such  a dilution,  36,000  cubic 
inches,  or  more  than  20  cubic  feet  of  air  would  be  required. 
OAving,  hoAvever,  to  the  rapid,  spontaneoits,  dry  diffusion  of  the 
carbonic  acid,  a less  degree  of  actual  dilution  is  sufficient  for 
the  purposes  of  healthy  respiration ; and  it  has  been  variously 
computed,  that  from  4 to  10  cubic  feet  of  air  per  minute,  Avhich 
last-named  quantity,  Avith  the  respired  air,  Avould  yield  an 
atmosphere  containing  12  parts  of  carbonic  acid  in  10,000, 
are  needed  for  each  person,  in  sleeping  or  sitting  apartments, 
schools,  courts,  theatres,  Avorkshops,  factories,  barracks,  Avork- 
houses,  or  prisons.  Hospitals,  especially  for  surgical  cases  or 
fevers,  require  at  least  double  that  quantity.  Much  depends 
on  the  temperature  of  the  air,  for  a higher  temperature  requires 
a more  rapid  change.  Moreover,  besides  the  removal  of  car- 
bonic acid  and  the  reneAA-al  of  oxygen,  it  is  of  the  utmost 
moment  that  other  pulmonary  and  cutaneous  exhalations, 
Avhicli  contain  volatile  organic  matter  and  arnmoniacal  salts, 
should  be  diluted,  oxidated,  or  removed.  If  the  products  of 
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the  comloustion  of  artificial  lights,  especially  of  gas,  enter  the 
air  of  the  room,  a still  further  allowance  of  fresh  air  is  ne- 
cessary. 

Were  it  not  for  the  law  of  diffusion  of  gases,  the  evils  arising 
from  overcrowded  and  ill-ventilated  rooms,  would  be  much 
greater.  In  the  air  of  a very  close  room,  which  had  been 
occupied  by  500  people,  and  in  which  fifty  candles  had  been 
burning.  Dr.  Dalton  found,  after  it  had  been  shut  up  for  two 
hours,  one  per  cent,  of  carbonic  acid.  But  Dr.  Eoscoe  has 
shown  that  in  theatres,  the  percentage  is  usually  '0321,  and  in 
schoolrooms  'SSI ; indeed,  in  no  rooms  did  he  ever  find  more 
than  ‘5  per  cent.,  owing,  as  he  remarks,  to  the  constant  diffu- 
sion and  interchange  of  air  through  the  crevices  and  openings 
at  the  doors,  windows,  and  fire-place.  Furthermore,  in  proof 
of  the  rapidity  and  importance  of  the  diffusion  of  carbonic  acid 
in  the  air,  he  found  that  the  percentage  of  carbonic  acid  was 
nearly  uniform  in  everj^  part  of  an  occupied  room,  at  the  same 
time.  Nevertheles.s,  this  accidental  diffusion  is  insufficient  for 
the  proper  change  of  the  air  in  a crowded  room.  The  escape 
and  entrance  of  quantities  of  air,  are  indispensable  for  the  re- 
moval of  the  noxious  products  thrown  off  fi'om  the  living  body, 
and  for  the  renovation  of  the  atmosphere.  This  is  to  be  ac- 
complished, consistently  with  warmth  and  comfort,  by  artificial 
ventilation. 

Besides  this  motion  of  the  respired  air,  and  its  replacement 
by  fresh  air,  a certain  actual  breath 'ng  space  should  be  allowed 
for  each  person  occupying  private  sleeping  apartments,  or  for 
those  attached  to  barracks,  workhouses,  prisons,  and,  especially, 
to  hospitals.  The  day  rooms  being  more  or  less  constantly 
opened  may  be  smaller.  The  practice  of  architects  and  build- 
ers, ttp  to  a recent  date,  was  to  allow  not  less  than  800  cubic 
feet  of  space  for  each  person  ; bitt  this  is  too  little,  especially 
in  infirmaries  and  hospitals,  in  which  1,200  cubic  feet  per  head 
are  not  considered  too  much,  and  for  military  hospitals  in  warm 
climates,  as  much  as  2,500  cubic  feet  per  head  have  been  recom- 
mended. The  importance  of  sufficiency  of  breathing  space 
and  of  ventilation,  in  sleeping  apartments,  can  hardly  he  over- 
rated, especially  when  we  reflect  that,  even  in  health,  the  bed- 
room is  occupied,  from  fir.st  to  last,  nearly  8 hours  out  of  the 
24,  or  nearly  one-third  of  our  existence.  In  hospitals  and 
infirmaries,  the  same  room  is  too  frequently  occuitied  both 
day  and  night. 

The  deterioration  of  health,  fr-om  neglecting  to  sleep  in  a 
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pure  air,  is  sliown  in  many  ways.  Many  competent  authorities 
attribute  the  deposition  of  tubercle  in  the  lungs,  he.,  the  early 
stage  of  phthisis,  partly  to  inadequate  respiration,  and  to  im- 
perfect oxidation  of  the  constituents  of  tlie  blood  and  tissues. 
Consumption  appears  to  have  been  engendered  in  the  Quadru- 
mana  confined  in  the  small  overcrowded  monkey -houses  of  the 
London  and  Parisian  Zoological  Gardens  ; but  after  increased 
accommodation  and  proper  ventilation  were  secured  to  those 
animals,  tubercular  disease  almost  disappeared  from  amongst 
them.  The  small,  close,  sometimes  doubly-glazed  houses  in 
Wales,  contrast  with  the  open  dwellings  of  the  inhabitants  of 
Skye,  and  so  does  the  prevalence  of  consumption  in  the  former, 
with  its  rarity  in  the  latter,  districts.  At  an  infant  school  at 
Norwood,  a great  mortality  occurred  amongst  the  children, 
clearly  dependent  on  imperfect  ventilation.  Similar  experience 
might  be  derived  from  every  large  town  in  the  kingdom,  pro- 
vided facts  were  always  duly  recorded  and  understood.  In 
the  infant  hospital  at  Dublin,  2,944  children  died  during  four 
years,  under  a system  in  which  ventilation  had  been  utterly 
neglected ; whilst  in  a similar  period,  during  which  many 
improvements  in  this  respect,  were  made,  the  mortality  fell  to 
279.  Sometimes  the  injury  may  consist  in  a lowering  of  the 
strength  of  the  system,  which  exposes  it  to  the  attacks  of  im- 
pending epidemic  or  zymotic  diseases.  The  effete  matters 
retained  in  the  blood,  must  deteriorate  the  fluids  of  the  body, 
or  escaping  into  the  air,  they  may  form  an  organic  nidus  for 
the  development  of  some  diseases,  or  they  may  ferment,  be- 
come putrescent,  and  so  favour  the  multiplication  and  sj^read  of 
poisonous  fomites.  Such  effete  matters  may  even  undergo 
decomposition  within  the  body'.  The  lowered  condition  of 
health  thus  induced,  favours  the  continuance  of  the  evil  prac- 
tice of  breathing  impure  air  ; for  in  this  depressed  state  of  the 
respiratory  and  other  functions,  the  need  for  fresh  air  is  less 
felt,  and  habit  reconciles  the  senses,  and  dulls  the  perception, 
to  the  effects  of  the  suicidal  practice  of  inhaling  an  atmosphere 
poisoned  by  oneself.  Persons  accustomed  to  hot,  close,  unveu- 
tilated  rooms,  loaded  with  a vitiated  atmosphere,  do  not  recog- 
nise either  by  smell,  or  by  the  sensations  of  enfeebled  bodily 
health  and  infirmity,  the  effects  of  the  impurities  which  they' 
breathe,  hloreover,  they  often  believe  themselves,  and  are  re- 
garded by  others,  to  be  in  an  average  state  of  health ; but  the 
onset  of  an  epidemic,  or  of  a contagious  disease,  reveals  their 
want  of  power  to  resist  morbid  influences.  As  a most  serious 
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predisposing  cause  of  disease  and  mortality,  during  such  visita- 
tions, the  overcrowding  of  rooms,  whether  large  or  small, 
public  or  private,  is  fully  recognised. 

The  overcrowding  of  the  population  in  parts  of  towns  or  villages,  is 
also  very  inimical  to  health.  This  is  doubtless  partly  to  be  explained  by 
the  fact,  that  it  is  the  poorer  classes,  less  well  provided  for,  in  everyway, 
which  occupy  sucli  neighbourhoods  ; it  is  also  partly  due  to  the  closer 
proximity  of  the  inhabitants  to  each  other,  and  to  their  increased  lia- 
bility, from  this  circumstance,  to  communicate  diseases  to  one  another. 
But  the  increased  accumulation,  within  a limited  space,  as  in  towns, 
or  in  the  immediate  neighbourhood  of  dwellings,  as  in  villages,  of  the 
excreta,  and  of  the  waste  animal  and  vegetable  matters  of  the  food, 
which  constitute,  when  undergoing  decomposition,  sources  of  contami- 
nation to  the  air,  cannot  be  here  disregarded.  Indeed,  it  has  been 
shown  that  whereas,  in  the  open  country  near  Manchester,  the  quantity 
of  organic  matter  in  the  air,  is  only  1 grain  in  200,000  cubic  inches, 
in  the  confined  and  overcrowded  districts  within  that  city,  the  pro- 
portion is,  25  grains  in  the  same  quantity  of  air. 

The  open  ditches  for  drainage,  and  the  heaps  of  garbage  and  refuse, 
in  villages,  and  the  uncleansed  sewers,  defective  drains,  and  untrapped 
water-closets  and  sinks,  in  cities  and  towns,  by  admitting  the  escape  of 
foul  air  into  the  environs,  the  lanes,  the  streets,  or  the  houses  them- 
selves, are  serious  causes  of  insecurity  to  health.  Sewer-atmosphere 
usually  contains  sulphuret  of  ammonium,  or  ammonia  and  sulphuretted 
hydrogen,  frequently  carburetted  hydrogen,  and  besides  these,  it  is 
loaded  with  organic  matter,  decomposing  or  putrescent,  mixed  with 
the  spores  of  fungi,  and  with  the  minute  living  organisms  known  as 
bacteria,  or,  at  any  rate,  with  the  organisable  material  in  which  these  are 
generated.  A house  into  which  such  an  atmosphere  is  conducted,  by  an  un- 
trapped sink,  or  otherdefect,  resembles,  when  closed  at  night,  an  inverted 
bell-jar  over  an  open  gas-pipe,  or  a receiver  specially  connected  with  the 
sewer,  which  acts  as  a retort  for  the  evolution  of  poisonous  vapours.  It  is 
necessary  to  exclude  such  chances  of  contamination  of  the  air  inside  a 
dwelling-house  ; and  to  prevent  also  the  contamination  of  the  atmo.s- 
phere  in  the  immediate  vicinity  of  the  dwelling,  from  which  the  internal 
supply  for  ventilation  is  derived.  This  is  the  immediate  sanitary  purpose 
of  a perfect  system  of  sewerage  and  drainage.  Water  is,  for  large  cities 
certainly,  and  perhaps  also,  wherever  available,  the  most  cleanly,  and 
convenient  vehicle  for  carrying  away  the  excretory  products  of  the  inhabi- 
tants : the  sewers  should  themselves  be  ventilated.  Great  care  is  needed 
to  prevent  the  sewage  matter  from  contaminating  weUs,  or  other  sources 
of  drinking-water  ; for  water  is,  thus,  as  easily,  and  much  more  insidi- 
ously, contaminated  than  air.  Earth  closets  are  suitable  for  the  country". 

It  seems  probable,  though  but  little  is  certainly  known  on  these  sub- 
jects, that  zymotic  diseases,  whether  contagious  or  epidemic,  spread  them- 
selves, at  least  to  a great  extent,  through  the  air,  and  enter  the  body 
through  the  lungs ; moreover,  it  is  possible  that  the  agents  which  cause 
them,  have,  if  not  an  org&mc  germinating,  at  least  a chemical  sclf-mit!- 
tiplying  property,  and  that  impurities,  whether  in  solid  bodies,  in  wate’’, 
or  in  air,  may  form  a nidus  for  such  increase,  or  growth. 

The  mortality  from  epidemic  and  contagious  diseases,  both  local  and 
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general,  has  been  repeatedly  demonstrated  to  be  proportional  to  the 
impure  condition  of  the  atmosphere  of  houses  or  localities.  On  the 
other  hand,  a decrease  in  the  amount  and  severity,  of  zymotic  diseases, 
and  in  the  rate  of  mortality  induced  by  them,  has  been  shown  to  follow 
sanitary  improvements  in  different  towns.  In  the  city  of  Salisbury,  the 
annual  average  mortality  during  eight  years  previous  to  the  complete 
drainage  of  the  city,  was  27  in  1,000  ; whilst  in  the  succeeding  eight 
years,  it  was  reduced  to  21  in  1,000.  In  the  city  of  Ely,  with  a population 
of  6,176  persons,  living  in  1,200  houses,  the  average  annual  death  rate, 
in  the  seven  years  from  1843  to  1849  inclusive,  was  26  per  1,000  ; in 
the  year  1851,  public  sanitary  works  were  brought  into  operation,  and, 
in  the  seven  years  from  1851  to  1857,  the  death  rate  was  reduced  to 
20i,  whilst  in  the  last  of  those  years,  it  was  only  19  in  the  1,000. 
Besides  securing  a larger  supply  of  better  water,  4,000  cubic  yards 
of  cesspools  were  filled  in,  and  trapped  water-closets  were  substituted  ; 
but,  in  1857,  200  houses  were  yet  unconnected  with  the  public  drainage, 
and  the  pigsties  were  left,  as  being  too  sacred  to  be  touched.  It  is  notice- 
able, that,  whilst  the  death  rate  in  this  city,  was  reduced,  subsequent  to 
the  sanitary  improvements  from  26  to  19,  the  annual  death  rate  in 
the  surrounding  country  was  still  21,  in  1857  (William  Marshall).  The 
annual  mortality  at  Pau,  one  of  the  healthiest  places  in  France,  varies 
from  28  to  23  per  1,000;  the  highest  actual  mortality  in  England 
is  45,  the  lowest  is  11,  and  the  average,  22,  per  1,000.  A comparison 
with  these  figures,  indicates  the  sanitary  position  of  the  city  of  Elj'. 
The  death  rate  of  11  per  1,000,  is  regarded  as  representing  the  inevit- 
able annual  mortality  of  this  country ; the  additional  deaths  beyond  that, 
constitute  the  preventible  mortality,  dependent  almost  entirely  on  zymotic 
diseases,  the  ravages  of  which  might  be  more  or  less  controlled  by 
sanitary  improvements.  It  has  been  quite  recently  shown,  that  one  im- 
portant and  unexpected  result  of  public  sanitary  improvements,  is  a 
marked  diminution  in  the  number  of  deaths  from  phthisis  ; this  is  pro- 
bably due  to  the  better  system  of  drainage,  and  to  a general  elevation  of 
the  health  of  the  inhabitants  (Dr.  G.  Buchanan). 

A supply  of  'pure  tvater  to  a town,  is  of  immense  sanitary  as  well  as 
economical  importance.  It  facilitates  the  cleansing  and  purification  of 
both  dwelling-houses  and  streets,  and  thus  assists  in  the  improvement 
of  the  air.  It  substitutes  a wholesome  beverage,  for  that  contained  in 
unclean  tanks  or  butts,  or  for  the  water  of  surface  wells,  which  from 
the  soakage  of  filth,  from  pigsties,  stables,  or  cesspools,  is  frequently 
converted  into  a deleterious,  or  even  directly  poisonous,  drink.  Impure 
water  may  act,  by  slowly  introducing  into  the  system,  organic  matter 
undergoing  more  or  less  change,  and  probably,  capable  of  deteriorating 
directly,  or  indirectly,  the  composition  of  the  blood,  and  thus  ultimately 
lowering  the  health,  and  rendering  the  body  more  subject  to  the  in- 
fluence of  zymotic  agents.  At  other  times,  the  water  may  act  as  the 
receptacle,  the  nidus,  and  the  vehicle,  of  such  zymotic  poisons.  The 
evidence  collected  first  by  Dr.  Snow,  in  the  epidemics  of  cholera  in 
Lambeth,  and  afterwards  by  the  Eev.  H.AVhitehead,  in  St.  James’s,  West- 
minster, and  by  others,  at  Epping,  and  elsewhere,  concerning  the  influ- 
ence of  water  in  intensifying,  or  probably  in  communicating  cholera,  is 
too  strong  to  be  resisted,  though  it  has  met  with  but  a tardy  acceptance. 

The  use  of  water,  free,  if  possible,  from  organic  impurities  derived 
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from  dwellings,  or  from  other  sources,  is  as  essential  to  good  health  as 
pure  air.  Filtering  and  depositing  beds  fairly  purify  water,  on  a large 
scale ; but  in  private  houses,  if  any  doubt  exist  as  to  the  character  of  tlie 
drinking  water,  special  filtration  through  animal  charcoal,  or  through 
the  magnetic  oxide,  or  the  carbide  of  iron,  or  if  this  be  too  expensive, 
boiling,  and  subsequent  agitation  or  exposure  to  a pure  air,  ai’e  desirable 
precautions. 

In  regard  to  public  improvements,  sanitary  science  consists  in  the 
perfection  of  cleanliness  of  the  town,  the  house,  the  water,  and  the 
atmosphere.  The  cost  of  such  improvements,  and  the  great  question  of 
the  utilisation  of  sewage,  have  also  an  economical  aspect.  For  the  national 
welfare,  it  is  essential  that  sanitary  work  should  be  done ; but  it  is  not 
necessary  that  it  should  be  directly  profitable,  or  even  free  from  cost. 

THE  ORGANS  AND  FUNCTION  OF  RESPIRATION  IN  ANIMALS. 

As  already  stated,  respiration  is  usually  either  aerial,  or  aquatic, 
according  to  the  mediiun  in  which  an  animal  is  fitted  to  live ; but,  in  a 
few  cases,  both  kinds  of  respiration  are  possible,  as  in  the  true  Am- 
phibia. Examples  of  aerial,  and  of  aquatic  breathers,  are  met  with 
in  the  Vertebrate,  Molluscous,  and  Articulate  Sub-Kingdoms  ; but  in 
the  MoUuscoida  and  Annuloida,  as  well  as  in  the  Coslenterata  and 
Protozoa,  the  respiration  is,  in  all  cases,  purely  aquatic.  The  respiratory 
organs  afford  no  grounds  for  classification. 

Aerial  Respiration. 

The  general  principles,  physical  and  chemical,  on  which  this  kind  of 
respiration  is  performed  in  animals,  are  the  same  as  those  which  govern 
the  respiratory  process  in  Man  ; but  the  organs  concerned,  vary  accord- 
ing to  the  animal,  and  exhibit  wide  departures  from  the  form  and 
structure  of  the  apparatus  in  Man,  as  we  descend  in  the  scale. 

Vertehrata. — In  all  Mammalia,  the  respiratory  apparatus  is  similar 
in  plan,  and  even  in  detail,  to  that  of  the  human  body.  There  is  a 
complete  thorax  with  movable  walls,  separated  from  the  abdominal 
cavity  by  a perfect  diaphragm,  and  containing  lungs  suspended  freely 
in  pleural  chambers,  resembling,  in  all  essential  particulars,  those  of 
Man.  The  respiratory  movements  are  performed  in  the  same  manner  ; 
their  frequency  also  has  a general  relation  to  that  of  the  pulse.  The 
respirations  are  fewer,  like  the  beats  of  the  heart,  in  the  larger  3Iam- 
maiia  than  in  the  smaller  ones,  these  latter  requiring  relatively,  more 
frequent  changes  of  air  in  the  lungs,  to  maintain  sufficient  respiratory 
action  for  the  development  of  heat,  and  for  other  purposes  in  their  eco- 
nomy. In  the  Carnivora,  the  lungs  are  relatively  much  larger  than  in 
the  Herbivora.  The  right  lung  is  usually  the  larger.  In  the  horse, 
and  elephant,  and  in  most  Cetacea,  they  are  simple  in  form  ; but  more 
commonly  they  are  divided  into  lobes;  usually  on  the  left  side,  these 
do  not  exceed  tliree,  and,  on  the  right,  five  lobes. 

In  Birds,  besides  a typical  symmetrical  arrangement,  as  to  position 
and  size,  important  pieculiarities  in  the  respiratoryapparatusaremetwdth. 
The  thorax  and  abdomen  form  but  a single  cavity,  there  being  usually 
a rudimentary  diaphragm  only,  which  is  spread  out  upon  the  base  of 
the  lungs,  as  in  some  Eeptiles,  In  the  ostrich  tribe,  however,  the 
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diaphragm  approaches,  hy  its  greater  development,  the  Mammalian  cha- 
racter, and  in  the  Apteryx,  this  musculo-tendinoiis  partition  is  quite 
perfect.  The  thoracic  walls  are  constructed  on  a modified  plan.  Tlie 
sternum,  here  expanded  into  the  large  breastbone,  which  gives  attach- 
ment to  the  muscles  of  flight,  forms  the  greater  part  of  these  walls,  and 
even  supports  the  abdominal  viscera ; whilst  the  ribs,  which  have  a 
peculiar  angular  joint  between  their  sternal  and  vertebral  portions, 
occupy  proportionally  a smaller  part.  The  absence  of  the  diaphragm, 
and  the  difficulty  of  expanding  a thorax  thus  constructed,  by  any  active 
inspiratory  movement,  have  led,  as  it  were,  to  a complete  reversal  of  the 
mechanism  by  which  the  air  is  drawn  into,  and  expelled  from,  the  chest. 
In  Mammalia,  and  in  Man,  inspiration  is  an  active,  whilst  expiration 
is,  to  a large  extent,  a passive  movement ; but  in  Birds,  expiration  is 
active,  whilst  inspiration  is  chiefly,  if  not  entirely,  passive.  In  expi- 
ration, the  large  sternum  is  drawn  towards  the  vertebral  column  by 
muscular  effort;  the  ribs  are  approximated,  and  bent  at  the  above-men- 
tioned angles,  and  so  the  thoracic  part  of  the  thoracico-abdominal  cavity 
and  therefore  its  contained  lungs,  are  compressed,  and  air  is  driven  from 
them.  The  expiratory  muscles  now  cease  to  act,  and  the  sternum, 
chiefly  by  the  elastic  resilience  of  the  bent  ribs,  being  drawn  from  the 
vertebral  column,  pressure  is  removed  from  the  surface  of  the  lungs,  and 
air  is  inspired  ; the  expansion  of  the  lungs,  is  probably  favoured  by  the 
contraction  of  the  incomplete  diaphragm,  which  is  attached  to  their 
base.  The  condition  of  the  thorax  and  lungs  w'hen  at  rest,  corresponds 
with  the  state  of  distension,  whilst  active  breathing  begins  by  an  effort 
to  force  air  from  the  chest,  and  not  to  draw  it  in,  as  is  the  case  in 
Mammalia.  The  hmgs  of  Birds,  are  somewhat  flattened,  and  flxed  to 
the  back  of  the  thorax  ; they  are  relatively  smaller  than  in  Mammalia; 
their  lobules  are  very  distinct,  each  having  its  own  bronchial  tube  and 
bloodvessels.  Their  interior  is  extremely  subdivided,  or  cellular ; the 
sacculi  or  cells  thus  formed,  are  at  first  supported  by  dehcate  cartilagi- 
nons  trabeculae;  but  some  open  into  the  ultimate  air-cells.  These  cells 
are  small ; whilst  the  capillaries  upon  them  are  exceedingly  numerous, 
and  their  network  very  close,  and  owing  to  the  frequent  communications 
between  neighbouring  clusters  of  air-cells,  and  to  other  minute  arrange- 
ments, come  into  relation  with  the  air  on  both  sides.  These  capillaries 
when  injected,  seem  to  be  varicose,  and  even  to  project  into  the  air-cells, 
in  such  a manner  as  to  appear  naked,  or  not  covered  by  mucous  mem- 
brane ; this  view  is  adopted  by  some,  though,  more  probably,  an  exceed- 
ingly delicate  membrane  exists  upon  them. 

The  high  temperature,  the  active  habits,  and  the  rapid  waste  of  tissue 
in  Birds,  are  associated  with  a corresponding  activity  of  the  respiratory 
function.  These  animals  absorb  a larger  amount  of  oxygen,  and  exhale 
more  carbonic  acid,  in  relation  to  their  weight,  than  the  Mammalia  ; 
they  are  also  much  more  dependent  on  a due  supply  of  pure  air,  than 
the.  latter,  and  are  much  more  quickly  asphyxiated.  Two  supplementary 
anatomical  conditions,  peculiar  to  Birds,  must  more  or  less  aid  in  their 
active  respiration.  First,  there  are  usually  found  in  the  neck,  thorax, 
and  abdomen,  and  even  in  the  limbs,  membranous  bags,  named  air-sacs, 
into  which  the  air  gains  acee.ss  by  extensions  from  certain  bronchial 
tubes,  which  reach  to  the  surface  of  the  lungs,  and  there  communicate 
with  the  thoracic  or  pleural  air-sacs,  from  which  other  communications 
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extend  to  the  abdominal,  and  remaining  air-cavities.  These  air-sacs  are 
highly  elastic,  have  a few  plain  muscular  fibres  in  their  walls,  and  are 
lined  by  a fine,  moderately  vascular,  and  partially  ciliated  mucous  mem- 
brane. Secondly,  in  many  Birds,  most  of  the  hones  are  hollow  and  are 
filled  with  air.  In  certain  Mammalia,  some  of  the  bones  of  the  face  and 
cranium,  contain  air ; but,  in  most  Birds,  besides  these  bones,  the  vertebrae 
and  sternum,  and  even  the  long  bones,  which,  in  Mammalia,  and  in  the 
early  condition  of  the  Bird,  contain  marrow,  such  as  the  clavicle,  humerus, 
and  femur,  and  even  the  merry  thought  and  shoulder  bones,  are  in  the  full- 
grown  Bird,  occupied  with  air,  which  finds  access  to  their  interior,  bs' 
special  membranous  canals  leading  from  the  adjacent  air-sacs.  IMienthe 
trachea  is  tied,  respiration  may  be  performed  for  a time  through  an  aper- 
ture made  in  the  arm-bone.  These  cavities  in  the  bones,  are  lined  with 
a membrane  which,  as  compared  with  that  of  the  air-sacs,  is  highly  vas- 
cular. In  Birds,  killed  suddenly,  or  destroyed  slowly  by  drowning,  the 
air  in  the  air-sacs  and  bones,  is  often  charged  with  from  8 to  even  15 
per  cent  of  carbonic  acid  (Dr.  Davy) ; respiratory  interchanges  of  oxygen 
and  carbonic  acid,  probably  therefore  here  take  place  between  the  air 
and  the  blood,  and  these  cavities  must  be  regarded,  not  so  much  as  sup- 
plementary, as  sub-respiratory  chambers,  for  the  increase  of  the  surface  of 
absorption  and  exhalation.  But  their  importance,  in  this  respect,  has 
perhaps  been  exaggerated.  An  equal  extension  of  respirator}'  surface, 
if  that  only  were  needed  in  the  economy  of  the  Bird,  might  have  been 
obtained  by  a trifling  enlargement  of  the  lungs  themselves  ; the  mem- 
brane lining  the  cavities  of  the  bones,  is  not  so  vascular  as  a respirator}’ 
membrane  usually  is,  whilst  that  of  the  capacious  air-sacs,  is  still  less 
so  ; moreover,  there  are  some  Birds  which  have  no  air  in  the  long  bones, 
or  even  in  other  bones ; such  exceptions  occur  in  various  Orders, 
chiefly,  however,  amongst  the  smaller  Birds,  and  some  aquatic  species ; 
lastly,  the  Apteryx  has  no  air  in  any  of  its  bones,  and  is  even  destitute 
of  air-sacs,  excepting  the  pleural  chambers,  in  this  respect  being  quite 
singular. 

The  high  temperature  of  Birds,  has  probably  some  other  explanation 
than  the  presence  of  these  sub-respiratory  air-chambers.  As  already 
mentioned,  vol.  i.  p.  236,  these  air-sacs,  and  the  air-cavities  in  the  bones, 
cannot  much  diminish  the  weight  of  a Bird  in  the  air,  by  the  relative 
temperature  of  their  contents,  but  they  may  aid  in  flight,  by  their  dis- 
tending, and  giving  fixity  to  the  thorax,  which  is  the  base  of  action  for 
the  wings ; they  may  also,  by  the  diflferent  pressure  which  is  exercised 
upon  them  during  flight,  act  as  a sort  of  pneumatic  apparatus  for  the 
movement  of  air  through  the  lungs,  at  a time  when  ordinary  expiration 
is  necessarily  interfered  with. 

In  Eeptiles,  the  highest  of  the  Cold-blooded  animals,  the  respiratory 
apparatus  is  well  developed ; but  in  comparison  with  the  Mammalia  and 
Birds,  the  lungs,  though  even  larger  in  proportion  to  the  size  of  the 
body,  are  not  nearly  so  minutely  subdivided  in  their  interior,  as  in  the 
Warm-blooded  Vertebrata.  Besides  this,  neither  the  arrangements  of  the 
heart  and  large  bloodvessels,  nor  the  structure  of  the  thorax,  are  so  well 
adapted  for  the  perfect  distribution  of  the  blood  to  the  lungs,  and  for 
the  continuous  introduction  of  fresh  air  into  the  air-cells  ; lastly,  the 
pulmonary  capillaries  are  not  so  numerous. 

The  greatest  diversity  is  met  with  in  these  animals,  as  regards  the 
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structure  and  the  mobility  of  the  thoracic  walls.  In  the  Saurians,  as 
in  the  Crocodiles  and  Lizards,  the  thorax  is  constructed  somewhat  after 
the  Mammalian  type,  with  movable  ribs  and  a small  imperfect  sternum ; 
in  the  Chelonia  or  Turtles  and  Tortoises,  the  walls  of  the  thorax  are 
completely  immovable,  being  fused,  as  it  were,  into  the  carapace  and 
plastron  ; whilst,  in  the  Ophidians  or  Serpents,  the  thoracico-abdominal 
cavity  is  very  capacious  and  expansible ; the  exceedingly  numerous  ribs 
are  disconnected  in  front,  owing  to  the  complete  absence  of  a sternum ; 
they  are  extremely  movable,  and  have  powerful  muscles  attached  to 
them.  In  the  higher  Saurians  only,  is  any  trace  of  a diaphragm  found ; 
no  such  structure  exists  in  the  Chelonia,  or  Ophidia.  The  act  of  respi- 
ration is  never  performed  in  these  animals,  by  an  inhaling  movement. 
In  this  respect  they  resemble  Birds ; but  they  differ  from  these  even 
more  remarkably,  for  they  all  force  air  into  the  chest,  by  an  act  some- 
what similar  to  that  of  deglutition.  Air  being  drawn  into  the  pharynx, 
by  the  depression  of  the  hyoid  apparatus  and  its  attached  soft  parts, 
the  posterior  nares  are  then  closed,  and,  by  an  elevation  of  the  same 
parts,  the  air  is  forced  down  through  the  glottis  into  the.  trachea.  Expi- 
ration depends  chiefly  on  the  elasticity  of  the  lungs,  indeed,  almost  en- 
tirely so  in  the  Chelonian  Reptiles,  being  assisted  only  by  the  abdo- 
minal muscles ; whereas,  in  the  Saurians  and  Ophidians,  it  is  aided  by 
the  intercostal  muscles  and  the  resiliency  of  the  walls  of  the  chest.  The 
Jungs  of  Reptiles,  fig.  115,  are  large  in  proportion  to  their  bodies,  and  in 
the  Chelonia,  are  attached  to  the  sides  of  the  chest.  They  are  sometimes 
cellular,  and  sometimes  saccular.  When  they  are  cellular,  as  in  the  Sau- 
rians, and  the  Chelonians,  3,  the  colls  are  few,  and  form  large  alveolar 
spaces,  presenting,  on  a section,  a spongy  structure,  the  bronchial  tubes 
being  soon  lost  in  the  wide  cellules  which  communicate  freely  with  one 
another.  In  certain  Saurians,  the  two  lungs  are  unequally  developed ; 
and,  in  the  lower  forms,  the  lungs  become  much  elongated,  and  smoother 
in  their  interior.  In  the  Ophidians  and  snake-like  Saurians,  it  is  the 
rule  to  find  only  a single,  long,  cylindrical,  sac-like  lung,  in  a fully 
developed  state,  viz.  the  right  one  ; the  left  lung  is  either  slightly, 
or  not  at  all,  developed.  The  single  lung,  when  distended,  reaches 
through  the  greater  part  of  the  cavity  of  the  body,  and  is  saccular ; the 
portion  nearest  to  the  trachea,  however,  has  its  sides  marked  with  nu- 
merous alveolar  depressions  or  imperfect  cellules,  supported  by  a carti- 
laginous framework,  and  having  vascular  walls ; the  larger  portion  of 
the  sac  has  smooth  and  slightly  vascular  membranous  parietes,  fig.  115,1. 
Even  in  the  Crocodiles  and  Turtles,  owing  to  the  large  size  of  the  cel- 
lules, and  to  their  slightly  subdivided  form,  the  pulmonary  mucous 
surface  for  the  capillary  network,  is  comparatively  small ; in  the  Serpents, 
it  is  even  proportionally  less.  Besides  this  condition,  the  less  perfect 
nature  of  the  inspiratory  mechanism,  the  small  quantities  of  air  slowly 
and  feebly  impelled  into  the  lungs,  and  the  arrangements  of  the  vascular 
system,  imply  a less  active  respiration,  in  accordance  with  their  usually 
slower  life  and  habits.  In  the  aquatic  Ophidia,  the  buoyancy  of  the 
body,  is  greatly  aided  by  the  size  of  the  lungs,  especially  in  the  Turtles, 
the  shell  of  which  is  of  great  weight. 

In  the  AmphiJjia,  which  include  the  Erogs,  Toads,  Newts,  Sirens, 
Proteus,  and  others,  the  anterior  walls  of  the  thorax  are  defective,  and 
there  is  no  diaphragm.  The  air,  as  in  Reptiles,  is  drawn  through  the 
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nostrils  into  the  pharynx,  by  the  depression  of  the  hyoid  apparatus  and 
floor  of  the  throat,  and  is  propelled  through  the  glottis,  by  the  subse- 
quent elevation  of  the  same  parts.  The  lungs  of  the  Frog,  flg.  1 15,  2,  mav 
be  described  as  subcellular ; the  internal  subdivision  of  their  surface  into 
cells,  is  more  simple  than  that  of  the  Saurian  Eeptiles,  though  more 
complex  than  the  alveolar  structure  of  the  Ophidian  lung.  The  corre- 
sponding bronchus  opens  at  once  into  this  subcellular  lung,  the  alveoli 


Fig.  115. 


Fig.  115.  1,  Lungs  of  a serpent;  the  right  one  only  is  fully  developed;  it 
is  of  such  length,  that  the  upper  and  lower  portions  alone  are  repre- 
sented ; the  upper  end  is  trabeculated  and  sacculated.  2,  Lungs  of  the 
frog,  showing  their  simple  cellular  character.  3,  Portion  of  the  lung 
of  a turtle,  showing  its  compound  cellular  structure. 

at  the  upper  part  of  which,  are  supported  by  fine  cartilaginous  trabe- 
culae ; it  has  been  aptly  compared  to  a single  \dtimate  lobule  of  the 
lung  of  the  Bird ; but  the  layer  of  capillaries  is  single,  and  is  exposed 
to  the  air  on  one  side  only.  The  respiration  of  the  Amphibia,  is  com- 
paratively imperfect,  and  their  blood  is  cold;  moreover,  it  is  partly 
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performed  Ly  tlie  surface  of  their  moist  skin,  as  has  been  proved  by 
their  continuing  to  exhale  carbonic  acid,  after  the  removal  of  hoth 
lungs,  an  operation  which  they,  for  a time,  survive.  Even,  in  temperate 
climates,  the  Amphibia  hybernate  beneath  the  water ; and,  in  that  state, 
they  respire  solely  by  the  skin  ; but  in  summer,  simultaneously  with 
a greater  general  energy,  their  respiration  becomes  more  active,  and  then 
they  breathe  by  the  lungs  also.  The  necessity  for  respiration,  increases 
in  these  and  in  other  cold-blooded  animals,  with  the  elevation  of  the 
temperature  of  the  surrounding  medium,  which  excites  them  to  greater 
activity  of  body.  In  the  Siren,  and  Amphiuma,  the  interior  of  the 
lungs  is  only  slightly  alveolar,  presenting  the  last  traces  of  a structure 
like  air-cells ; in  the  Proteus,  the  lungs  are  smooth  on  their  internal 
surface,  like  the  air-sacs  of  the  Fish  ; the  trachea  is  membranous,  and 
the  glottis  is  a simple  cleft. 

In  the  early  larval,  or  tadpole,  state,  all  the  Amphibia  breathe  aqna- 
tically,  and  some  species  retain  the  means  of  so  doing,  in  the  adult 
condition  ; but  all  of  them  then  have  lungs,  however  simple. 

To  Fishes,  the  aquatic  form  of  respiration  is  proper ; but,  as  the  ho- 
mologue  of  the  lungs  of  the  other  Vertebrata,  the  air-bladder  of  certain 
species  requires  mention.  The  air-bladder  of  the  Fish,  is  a simple  mem- 
branous sac  or  hag,  placed  beneath  the  spine,  sometimes  elongated, 
cylindrical,  or  fusiform,  sometimes  pyriform,  sometimes  provided  with 
simple  diverticula,  more  rarel}’’  with  short  branched  tubuli ; sometimes 
it  is  double,  one  part  being  longer  than  the  other,  thus  resembling 
the  as}Tnmetrical  lung  of  the  Serpents.  The  air-bladder  always  contains 
some  air.  It  is  usually  a closed  sac ; but,  in  many  cases,  as  in  the  pike, 
carp,  salmon,  and  herring,  it  communicates,  by  means  of  a short  open 
duct,  the  ductus  pneumatkus,  with  the  oesophagus,  near  the  stomach  or 
higher  up;  in  the  Lepidosiren,  it  communicates  with  the  pharynx,  and  even 
opens  into  it  by  a slit  hke  a glottis ; it  is  also  bifid,  and  slightly  alveolar, 
closely  resembling,  therefore,  a simple  saccular  limg  ; it  sometimes  pre- 
sents vascular  projections  in  its  interior.  The  idea,  that  the  air-bladder 
is  the  homologue  of  the  lungs,  is  supported  by  the  fact,  that  in  the 
embryoes  of  the  so-called  pulmonated  Vertebrata,  the  primitive  lungs 
originate  as  little  buds  developed  from  the  sides  of  the  up>per  part  of 
the  oesophagus,  which  afterwards  become  hollowed  out  and  branched. 
There  is  no  homology  between  the  gills  and  lungs  in  the  Vertebrate  series 
of  animals ; they  have  analogous  functions,  but  they  are  totally  distinct 
parts  of  the  organism. 

Certain  fishes,  as  the  Loach,  can  swallow  air  which  probably  enters 
the  air-bladder  ; but,  in  other  eases,  and  especially  when  this  organ  forms 
a closed  sac,  air  must  be  alternately  excreted  from  the  blood  and  ab- 
sorbed by  it,  according  as  the  bladder  is  full  or  empty.  In  the  Am- 
phioxus,  the  alimentary  canal  aids  in  the  respiratory  process.  The 
analysis  of  the  air  in  the  air-bladder,  sometimes  shows  a large  propor- 
tion of  carbonic  acid,  and  sometimes  little  more  than  nitrogen.  In  a 
few  species,  in  which  it  is  of  great  size,  and  communicates  freely  with  the 
pharynx,  the  air-bladder  may  be  regarded  as  a feeble  sub-respiratory 
organ.  In  the  great  majority  of  cases,  however,  it  is  a rudimentary 
part,  exercising  little  or  no  respiratory  function  ; it  is  large  in  the 
Flying  fishes,  and  in  some  others  capable  of  energetic  and  sustained  ex- 
ertion. As  elsewhere  mentioned  (vol.  i.  p.  232),  when  distended,  it 


494 


SPECIAL  PHYSIOLOGY, 


diminishes  the  specific  gravity  of  a Fish  supported  in  water,  and  also 
alters  the  centre  of  gravity  of  the  animal.  It  is  usually  absent  in 
what  are  called  ground-fishes,  which  live  in  deep  water ; but  its  pre- 
sence or  absence  appears  to  follow  no  precise  rule,  either  as  regards  the 
habits,  size,  or  generic  position  of  the  Fishes  in  which  it  exists  or  is 
wanting. 

Mollusca. — The  Pulmogasteropods  offer  examples  of  Xon-Vertebrated 
aerial  breathers;  they  are  terrestrial  in  their  habits.  In  the  Snails, 
for  example,  a large  sac  communicating  with  the  external  air,  by  an  aper- 
ture situated  on  the  left  side  of  the  neck,  is  found  in  the  shelled  varie- 
ties, beneath  the  back  part  of  the  mantle,  in  that  portion  of  the  body 
which  occupies  the  smaller  coils  of  the  shell.  It  has  numerous  blood- 
vessels ramifying  upon  its  walls,  and  is  usually  lined  with  cilia.  This 
simple  sac  may  be  taken  to  represent  the  primitive  idea  of  a lung,  that  is 
to  say,  a sac,  formed  by  an  inversion  of  the  surface  of  the  body,  lined  by 
a thin  moist  membrane,  communicating  with  the  air,  and  possessing, 
distributed  upon  its  walls,  bloodvessels,  which  have  thin  coats  and  a con- 
stantly moving  blood-current  in  them.  Such  an  organ  becomes  perfected 
by  increase  of  size,  by  multiplication  of  its  parts,  so  as  to  constitute  a 
multilobular  lung,  by  subdivision  of  its  internal  surface  into  saccules  or 
air-cells,  and  by  the  penetration  of  air-tubes  into  its  numerous  lobules. 
The  remaining  Gasteropods,  and,  indeed,  all  other  Mollusca  and  Mollus- 
coida,  breathe  aquatically. 

Annulosa. — Numerous  instances  of  air-breathing  animals,  occur  in  this 
Sub-kingdom.  Entire  Classes  without  exceptions,  such  as  the  Myriapoda, 
the  *Arachnida,  and  the  extensive  and  most  important  Class  of  Insects, 
breathe  in  this  way.  Of  the  Annelida,  a few  only  are  terrestrial  and  respire 
air ; these,  such  as  the  earth-worms,  have  pairs  of  small  sacculi  opening 
on  the  sides  of  the  body,  in  each  segment ; but  thej'  are  usually  fiUed 
with  mucus.  Similar  structures  exist  in  the  leech.  The  air-breathing 
Annulosa,  generally,  however,  do  not  breathe  by  soft  membranous  com- 
pound sacs  like  lungs,  or  by  soft  air-bladders,  or  even  by  simple  stift 
sacculi  like  those  of  tlie  land-snails ; but  they  have  internal  air-chambers, 
surrounded  by  stiff  walls,  so  that  they  are  kept  constantly  patent,  and 
are  not  easily  compressed. 

In  the  Myriapoda,  these  chambers  are  saccular,  a pair  of  s}"mmetrical 
sacs  existing  in  each  of  the  many  segments  of  the  body  ; they  commu- 
nicate by  short  membranous  tubes,  the  walls  of  which  exliibit  spin\l 
lines,  with  little  apertures  on  the  sides  of  the  segments,  named  spiracles  or 
stigmata.  From  these  sacs,  in  one  species,  forming  a step  towards  the 
condition  of  Insects,  other  short  twigs  ramifv-  into  the  body,  or  laige 
symmetrical  lateral  trunks  connect  them  all  together.  In  this  way,  air  is 
conveyed  into  close  proximity  with  the  nutrient  fluids,  aud  respiratory 
interchanges  are  accomplished. 

In  the  Araclvnida,  air-sacs  exist  in  the  spiders,  communicating  im- 
mediately with  spiracles  or  stigmata  on  the  surface  of  the  body,  and 
frequently  having  their  internal  membrane  plicated,  so  as  to  increase  the 
surface  for  exposure  to  air,  for  the  aeration  of  the  fluids  of  the  body. 
This  plicated  structure  is  associated  with  a more  perfect  condition  of  the 
circulation,  and  compensates  for  the  comparatively  limited  distribution 
of  the  air,  in  tliese  active  and  powerful  animals.  In  other  Arachnida.  the 
air-chambers  are  tubular,  constituting  tracheae,  as  found  in  the  mites. 
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The  Insects  possess  in  greatest  perfection,  this  particular  modification 
of  an  aerial  respiratory  apparatus,  viz.  a series  of  almost  incompressible 
canals  or  tubes,  instead  of  sacs.  In  these  exceedingly  active  and  ener- 
getic animals,  most  of  -which  are  organised  for  flight,  the  respiratory 
apparatus  consists,  first  of  tubuli,  which  commence  at  the  spiracles  or 
stigmata  found  on  each  side  of  certain  segments  of  the  body,  and,  after 
•i  short  course,  lead  into  two  longitudinal  lateral  tubes,  extending  from  one 
>nd  of  the  animal  to  the  other.  From  these  principal  tubes,  branches 
tre  given  off  for  each  segment;  these  branch  again  and  again,  until  the 
finest  ramifications  penetrate  the  substance  of  every  organ,  especially 
the  muscles,  and  even  the  ganglionic  nervous  centres,  and  the  complex 
eyes.  These  tubuli,  large  and  small,  constitute  the  well-known  trachea 
of  Insects.  They  are  recognised  under  the  microscope,  by  the  beautiful 
structure  of  their  walls,  which  are  composed  of  coherent  spiral  fibres 
arranged  in  the  most  regular  manner,  and  maintaining  by  their  elasticity, 
the  whole  tracheal  system  in  a patent  sta<-e,  resisting  the  pressure  to 
which  they  are  subjected  during  muscular  effort.  By  these  open  canals, 
air  is  freely  introduced  into  every  portion  of  the  Insect.  In  many 
perfect  Insects,  especially  in  those  of  powerful  flight,  the  body  or  abdomen 
is  made  to  perform  active  movements,  by  which  air  is  drawn  in  and  out 
through  the  spiracles.  Closure  of  the  spiracles,  or  the  filling  of  the  tra- 
cheae with  oil,  speedily  asphyxiates  these  animals.  Although,  therefore, 
the  circulatory  apparatus  is  limited  to  a dorsal  vessel,  with  large  venous 
sinuses  and  interstitial  lacunse,  without  capillary  vessels,  yet  the  respira- 
tory apparatus  is  diffused  through  every  organ  and  portion  of  the  body, 
and  the  aeration  of  the  blood  is  mostcomplete.  The  respiratory  function 
of  these,  the  most  perfectly  developed  examples  of  the  Annulose  animals, 
is,  in  the  majority  of  species,  extremely  active,  in  harmony  with  their 
general  energy  and  comparatively  high  temperature.  In  the  largest 
Insects,  and  in  those  which,  though  of  smaller  size,  possess  remarkable 
powers  of  sustained  flight,  as  the  Bee-tribe,  the  longitudinal  tracheal 
trunks  are  dilated  in  certain  segments,  so  as  to  form  air-sacs  with  rigid 
walls.  The  size  of  these,  presents  considerable  variation,  being  largest, 
in  species  possessing  the  greatest  powers  of  flight.  The  wings  of  the 
poerfect  Insect  have  no  homology  with  the  true  limbs,  for  they  spring  from 
the  dorsal  and  not  from  the  abdominal  surface ; in  their  structure  and 
mode  of  evolution,  they  are  more  like  respiratory  organs,  being  filled 
with  ramified  tracheae. 

The  tracheae  and  their  dilatations  in  the  flying  Insects,  sometimes  de- 
signated the  Birds  of  the  Non-vertebrate  Creation,  have  been  supposed, 
like  the  membranous  and  osseous  air-cavities  in  Birds,  to  diminish 
the  specific  gravity  of  the  body  during  flight,  by  the  warmer  air  in 
them  ; but  any  such  effect  must  be  immeasurable.  Their  hollow,  stiff 
structure,  however,  utilises  the  material  employed  in  the  most  admirable 
manner,  and  so  relatively  diminishes  weight ; whilst  the  large  dilatations 
or  sacs  met  with,  espjecially  in  Insects  of  flight,  map’-  serve  as  store- 
chambers  for  air,  the  spiracles  being  perhaps  more  or  less  closed  during 
that  act. 

Insects  absorb,  and  convert  into  carbonic  acid,  a relatively  large  quan- 
tity of  oxygen,  even  during  rest ; but  the  respiratory  interchanges  are 
much  more  active  during  locomotion.  A bee  will  perform  during  the  ex- 
citement immediately  following  its  capture,  as  many  as  125  respiratory 
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movemeTits  of  its  body  per  minute  ; but  after  an  hour  and  a half,  these 
may  decline  to  forty-six  per  minute.  In  the  first  hour  of  an  excited 
respiration,  one-third  of  a cubic  inch  of  carbonic  acid  has  been  found  to 
be  generated,  a larger  quantity  than  was  produced  in  twenty-fours  by 
a bee  in  its  quiescent  state,  and  far  more  than  is  given  off  by  .the 
lungs  of  a Man,  in  proportion  to  his  weight  (Newport).  In  the  larval 
condition,  as  exhibited  in  caterpillars  and  grubs,  Insects  are  also  pro- 
vided with  stigmata,  lateral  tubes,  and  tracheae;  and  so  is  the  pupa  or 
chrj'Salis  of  those  insects,  which  pass  through  the  perfect  stages  of 
metamorphosis.  But  the  respiratory  process  in  the  pupa,  is  less  active 
than  in  the  perfect  Insect,  and  in  the  chrysalis,  less  active  than  in 
the  larva.  It  is  curious  that  the  larvae  of  certain  insects,  as  of 
the  gnats  and  Ephemerae  or  day-flies,  and  the  dragon-flies,  are  purelv 
aquatic  in  their  habits ; but  stiU  for  the  most  part,  they  also  breathe  by 
tracheae,  the  spiracles  of  which  exist  only  in  the  hinder  portion  of  the 
animal ; these  they  protrude  above  the  surface  of  the  water,  for  respi- 
ratory purposes.  In  the  larva  of  the  gnat,  one  of  the  spiracles  of  the 
tail  segment,  is  provided  with  a tubular  prolongation,  the  mouth  of 
which,  beset  with  fine  seta  which  retain  vesicles  of  air,  is  made  to  reach 
the  surface  of  the  water,  so  that  the  creature  can  breathe  whilst  the  rest 
of  the  body  is  submerged,  and  the  head  turned  downwards,  in  order  to 
watch  for  its  prey.  The  larvae  of  the  Ephemerae,  still  more  curiously, 
breathe  by  external  tuft-like  or  leaf-like  thoracic  or  abdominal  giUs,  con- 
nected with  the  tracheae  or  by  similar  organs  situated  in  the  intestinal 
canal ; brit  in  the  perfect  state,  like  other  Insects,  they  breathe  by  tra- 
cheae. Aquatic  beetles  come  to  the  surface  to  breathe,  or  carry  globules 
of  air  below  the  water.  The  same  habit  jtrevails  among  certain  Arach- 
nida,  some  of  the  water-spiders  even  building  nests  beneath  the  water, 
and  carrying  down  air  to  them,  which  they  can  afterwards  respire. 


Aquatic  Eespiration. 

In  this  form  of  breathing,  the  physical  process  concerned,  is  simply 
that  of  the  moist  or  false  diffusion  of  gases  in  a state  of  solution,  those  of 
the  blood  or  nutritive  fluids  of  the  animal  interchanging  with  those  of 
the  water,  which,  whether  fresh,  brackish,  or  marine,  is  the  universal 
medium  of  aquatic  respiration.  That  water  contains  air,  is  shown  by 
placing  it  under  the  air-pump,  or  by  boiling  it,  which  processes  abstract 
or  expel  the  air,  and  render  it  unfit  to  support  aquatic  animal  life.  The 
quantity  of  free  oxygen  contained  in  water,  is,  of  course,  much  less, 
volume  for  volume,  than  it  is  in  air,  inasmuch  as  the  source  of  the 
oxygen,  is  the  air  itself,  held  in  solution.  But  the  air,  dissolved  in 
water,  is  somewhat  richer  in  oxygen  than  the  ordinary  atmosphere ; 
this  is  explained  by  the  fact  that  oxygen  is  twice  as  soluble  as  nitrogen, 
in  that  fluid.  Nevertheless,  the  gaseous  interchanges  in  aquatic  respira- 
tion, are  necessarily  slower  and  less  energetic  than  in  aerial  breathing. 
The  temperature  of  aquatic  breathers  is  low : they  maintain  a heat  very 
little  raised  above  that  of  the  surrounding  medium,  which  is  also  a much 
better  conductor  of  heat  than  air.  and  so  robs  them  quickly  of  their 
caloric  ; their  movements  and  other  vital  acts,  are  comparatively  sluggish 
and  slight ; their  life  is  more  vegetative,  and  even  those  which  have  a 
perfect  circulation,  are  characterised  by  possessing  cold  blood.  The 
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Mammalian  aquatic  species,  such  as  seals,  porpoises,  and  whales,  though 
chiefly  or  entirely  inhabiting  the  water,  are  yet  air-breathing  animals 
provided  with  lungs,  and  warm-blooded. 

In  water-breathing  animals,  in  which  a distinct  circulation  of  blood 
exists,  a special  respiratory  organ  is  always  present,  connected  with  the 
circulatory  apparatus.  With  the  exception  of  Insects,  this  is  true  like- 
wise of  air-breathing  animals.  The  more  perfect  the  circulation,  the 
more  carefully  must  respiration  be  pronded  for;  otherwise,  carbonic 
acid,  accumulating  in  the  blood,  would  be  speedily  conveyed  to  the 
nervous  centres,  and  produce  rapid  poisoning.  Such  an  event  is  more 
imminent  in  the  warm-blooded  air-breathing,  than  in  the  cold-blooded 
water-breathing  animals. 

The  most  perfect  breathing  apparatus,  for  aquatic  respiration,  consists 
of  exceedingly  vascular  projecting  membranous  processes  of  various 
forms  and  complexity.  In  the  lower  animals,  such  processes  are  more 
simple,  and  in  the  absence  of  a distinct  circulation,  they  are  ciliated 
upon  their  surface.  These  projections  are  named  hranchia  or  gills  ; 
they  differ  in  structure,  as  much  as  the  lungs  of  the  air-breathing 
animals.  Again,  in  certain  forms  of  aquatic  animals,  and  in  some 
Entozoa,  there  are  found,  with  or  without  gill-like  projecting  organs, 
remarkable  internal  ramified  tubes  or  vessels,  communicating,  by  an 
opening,  with  the  surface  of  the  body,  and  partially  ciliated  in  their  in- 
terior ; these  are  the  so-called  water-vessels  or  water-vascular  system  ; 
they  appear  to  have  a respiratory  office.  In  still  lower  aquatic  animals, 
destitute  altogether  of  vessels,  certain  hollow  ciliated  portions  of  the  sur- 
face, or  interior,  of  the  body,  exist,  named  ciliated  sacs ; in  others,  ciliated 
discs  are  present ; often  the  cilia  are  methodically  arranged  on  the  surface, 
or  in  the  interior  of  the  body  ; lastly,  in  the  lowest  forms,  these  micro- 
scopic moving  organs  cover  a portion  or  every  part  of  the  minute  or- 
ganism, and  so  are  auxiliary  to  respiration. 

Vertebrata. — The  highest  of  this  Class  which  have  gills,  are  the  Am- 
phihia.  In  the  larval  or  tadpole  condition,  all  these  animals  have 
minute  gills,  and  frequently  even  two  sets  of  these  organs.  The  first  set 
are  called  the  external  gills,  and  consist  of  soft  processes  slightly 
branched,  or  very  much  subdivided,  or  even  plumose ; they  are  attached 
to  the  side  of  the  neck  and  project  freely  into  the  water.  In  the  larva 
of  the  higher  or  tail-less  Amphibia,  the  frogs  and  toads,  the  external 
gills  remain  only  for  a few  days ; but  in  the  tailed  salamanders  or  newts, 
they  exist  for  a longer  period,  and  in  the  lowest  Amphibia,  they  persist 
throughout  life.  They  are,  at  least  when  newly  developed,  always 
covered  with  cilia,  and  each  minute  subdivision  or  branch  contains  a 
looped  capillary  vessel,  one  side  of  which  conveys  outwards,  the  de- 
oxygenated  venous  blood,  and  the  other  inwards,  the  oxygenated  or  arte- 
rial blood.  The  second  set  of  gills,  found  in  certain  Amphibia  only, 
are  named  the  internal  gills-,  these  appear  in  frogs  and  toads  after  the 
wasting  of  the  external  gills ; they  consist  of  minute  fringes  of  vascular 
processes  attached  to  the  cartilaginoics  branchial  arches  of  the  hyoid  appa- 
ratus, and  are  protected  by  a fold  of  the  skin  of  the  neck,  so  as  to  lie  in 
a sort  of  branchial  chamber,  which  communicates  with  the  pharynx ; the 
opening  on  the  right  side  of  the  neck,  very  early  becomes  closed.  Water 
reaches  these  internal  gills,  by  flowing  in  through  the  mouth  or  nose,  and 
then  out  tlirough  a small  orifice  on  the  left  side  of  the  neck,  the  movement 
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of  the  water  being  caused  by  an  act  resembling  that  of  deglutition.  It  is 
these  internal  gills,  found  in  some  of  the  Amphibia,  which  are  the  repre- 
sentatives or  homologues  of  the  gills  of  Fishes ; they  are  not  developed 
in  Menobranchus  and  Amphiuma.  In  the  frogs,  toads,  and  true  sala- 
manders, both  sets  of  gills  disappear ; hence  these  are  named  Caduci- 
branchiate  Amphibia ; they  afterwards  breathe  by  the  lungs  and  skin  onlv. 
In  the  salamandroid  Perennihranchiate  Amphibia,  including  the  -Axolotl. 
Menobranchus,  Siren  and  Proteus,  the  gills  are  persistent ; they  are 
really  the  external  gills,  though  they  may  become  attached,  as  in  the 
Axolotl,  to  the  first  branchial  arch  of  the  hyoid  apparatus. 

In  Fishes,  the  branchiae  or  gills,  which  are  alwaj-s  internal  or  covered, 
attain  their  highest  development  and  most  complex  forms.  They  usually 
consist  of  numerous  comb-like  processes,  supported,  like  single  or  double 
fringes,  on  the  branchial  arches  of  the  hyoid  apparatus,  and  forming  four 
or  five  laminse  on  each  side  of  the  pharynx.  They  are,  in  some  cases,  as  in 
the  Cartilaginous  Fishes,  concealed  by  the  integuments ; but  in  others,  as 
in  the  Osseous  Fishes,  by  a moveable  osseous  and  cutaneous  covering, 
named  the  operczdutijt.  In  the  latter  case,  only  one  external  gill  opening 
exists  on  each  side,  the  operculum  overlapping  all  the  branchial  arches ; 
but  internally  the  gill-chamber  opens  into  the  phan-nx,  by  separate 
clefts  or  apertures  between  the  branchial  arches.  In  the  former  case, 
however,  the  gill  chamber  is  completel}’  divided  into  passages,  varving 
from  three  to  seven  in  number,  each  having  a separate  internal  and 
external  aperture,  corresponding  with  the  clefts  or  spaces  between  the 
branchial  arches.  In  some  of  the  lowest  forms,  the  gills  are  mere  folds 
of  membrane,  lining  distinct  sacs.  In  the  Mjxine,  the  branchial  outlets 
unite  into  a single  canal,  which  runs  backwards,  and  opens  on  the 
under  sm-face  of  the  fish,  at  a sort  of  abdominal  pore. 

The  extent  of  surface  obtained  by  the  comb-like  fringes  of  the  gills 
of  Fishes  for  exposure  to  water,  is  very  large,  especially  in  the  rays 
and  skates.  The  water  drawn  into  the  opened  mouth,  is  forced,  at 
intervals,  by  the  hyoid  and  pharyngeal  muscles,  between  and  over  the 
gills,  in  the  direction  of  their  fringes,  and  is  rapidly  expelled  at  the 
sides  of  the  neck,  the  action,  as  seen  in  an  ordinary  fish,  being  ac- 
companied by  regular  movements  of  deglutition,  and  by  a characteristic 
opening  and  shutting  of  the  opercula.  In  the  Cartilaginous  Fishes, 
the  water  passes  in  streams  from  the  lateral  openings,  which  are 
sometimes  more  or  less  valved.  Drawing  a fish  rapidly  backwards 
in  the  water,  may  asphyxiate  it,  by  bending  up  the  branchial  fringes, 
if  the  opercula  be  open,  or  by  exclusion  of  water,  if  these  be  closed. 
Each  fringe-like  process  of  a gill-plate,  is  supplied  by  a branch  of 
the  branchial  artery,  which  brings  dark  or  venous  blood  from  the 
heart  and  bulbus  arteriosus ; this  divides  into  minute  vessels,  which 
end  in  the  hranehial  capillaries ; from  these  again,  the  branchial  veins 
arise,  which  pass  back  to  the  base  of  the  gill,  and  all  combine  to  form 
the  aorta.  In  passing  through  the  gills,  the  blood  is  oxygenated.  As 
the  heart  of  the  Fish  is  branchial,  all  the  blood  returned  from  thebo-lN, 
is  propelled  through  the  gills,  before  it  is  again  distributed  to  the  body  : 
nevertheless  the  respiration  of  fishes,  being  aquatic,  is  feeble,  and  their 
temperature  is  cold.  The  gills  of  fishes,  are  not  ciliated  on  their  surface  ; 
but  it  is  necessary  that  they  should  continue  moist,  or  the  usual  respira- 
tory interchanges  between  the  blood,  and  the  air  dissolved  in  the  water. 
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■would  soon  cease.  Eespiration  ■will,  however,  go  on  for  a short  time 
in  the  air,  provided  that  the  gills  remain  moist.  Certain  fishes,  as  the 
eel  and  others,  leave  the  ■water  for  a time.  The  Anabas  of  Ceylon, 
is  said  even  to  climb  up  trees  and  bushes  after  food  ; on  the  sides  of 
its  head,  just  above  the  gills,  the  pharyngeal  hones  are  convohited,  and 
the  anterior  branchial  arches  support  chambers  with  laminated  walls, 
for  holding  quantities  of  water.  Fishes  are  necessarily  suffocated  when 
removed  from  the  water,  the  gills  becoming  first  clogged  and  then  dry, 
circulation  and  respiration  in  them  being  both  arrested.  They  are  also 
asphyxiated  in  water,  which  no  longer  contains  oxygen  in  solution,  or 
even  when  foreign  substances  are  dissolved  in  it ; sugar  speedily  destroys 
them.  In  that  excejJtionally  organised  marine  animal,  the  Amphioxus, 
the  mouth  is  provided  with  ciliated  lobes,  which,  by  ciliary  action,  propel 
the  water  into  the  pharynx.  This  cavity  is  dilated,  has  its  sides  sup- 
ported by  a complex  lattice  work  of  branchial  cartilages,  upon  which 
the  branchial  vessels  are  placed ; its  sides  are  perforated  by  numerous 
slits,  ripwards  of  100  in  number,  the  edges  of  which  are  ciliated, 
and  which  lead  into  the  perivisceral  cavity  of  the  abdomen.  The  water 
used  for  respiratory  purposes,  is  expelled  from  this  cavity,  by  an  opening 
named  the  abdominal  fore.  Moreover,  the  entire  alimentary  canal  is 
ciliated  internally,  and  the  water  which  passes  through  it,  may  also  be 
employed  in  the  aeration  of  the  blood. 

On  comparing  the  entire  series  of  the  Vertebrata,  as  regards  their 
mode  of  respiration,  it  is  seen,  that  in  the  adult  state,  the  Mammalia, 
Birds,  Eeptiles,  and  Caducibranchiate  Amphibia  breathe  by  lungs ; that 
the  Perennibranchiate  Amphibia  and  the  tadpoles  of  the  Caducibran- 
chiate kinds,  breathe  both  by  lungs  and  gills  ; and  lastly,  if  we  disregard 
the  sub-respiratory  air-bladder  occasionally  present,  that  Fishes  breathe 
entirely  by  gills.  The  respiratory  process  in  these  animals,  is,  however, 
much  more  active  than  in  the  aquatic  Non-vertebrata,  which  we  have 
next  to  describe.  This  is  due  to  the  comparatively  greater  size  of  the 
gills,  to  tlieir  more  perfect  and  complex  structure,  to  the  special  contri- 
vances for  moving  the  water  over  their  surfaces,  and  to  the  proximity 
of  the  heart  to  these  organs. 

Mollusca. — Of  these  chiefiy  aquatic  animals,  the  most  highly  developed 
gills  exist  in  the  highest  Class,  the  Cephalopods,  in  which  the  branchiae, 
being  very  large  but  non-ciliated,  consist  of  foliated  laminae,  united 
by  a common  stem,  which  supports  the  branches  of  the  branchial  arteries 
and  veins.  The  gills  are  lodged,  one  or  two  on  each  side,  in  the  cavity  of 
the  non-ciliated  mantle,  which  has  two  orifices,  one  by  the  side  of  the  neck, 
at  which  the  water  enters,  and  another  placed  at  the  extremity  of  the 
tubular  process  called  the  funnel,  from  which  the  water  passes  out.  The 
movement  of  the  water  is  accomplished  by  the  alternate  dilatation  and 
contraction  of  the  muscular  walls  of  the  mantle.  In  the  Pteropods,  the 
branchiae  are  also  laminated,  being  placed  sometimes  within,  and  some- 
times without,  the  mantle,  and  being  always  ciliated.  In  the  naked 
species  of  Branchio-gasteropods,  the  gills  consist  of  ciliated,  fringed, 
sometimes  tubular  processes,  projecting  into  the  water  (Nudibranchi- 
ata),  and  arranged  either  along  the  sides  of  the  body  in  tufts  (Tritonia), 
or  else  in  a circular  disc-like  manner  on  the  dorsal  region  (Dorsibran- 
chiata),  or  around  the  lower  opening  of  the  alimentary  canal  (Doris); 
sometimes  a fold  of  the  mantle  piartially  or  completely  covers  them.  In 
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those  kinds  which  have  nnivalved  shells,  the  gills  consist  of  ciliated  pli- 
cated fringes,  lodged  in  the  last  spire  of  the  shell,  the  water  gaining  access 
to  the  cavity  in  which  they  are  contained,  sometimes  by  a long  tube,  and 
sometimes  by  a wide  opening.  Amongst  the  lowest  Branchio-gastero- 
pods,  are  some  species  allied  to  the  Kudibranchiate  group,  which  have 
110  branchise,  but  are  believed  to  respire  by  means  of  their  surface  only, 
or  by  that,  aided  by  certain  ciliated  extensions  of  the  digestive  cavity. 
A few  genera,  such  as  Onchidium,  possess,  besides  arborescent  branchise, 
distinct  air-sacs,  showing  a transition  between  the  branchiate  and  pul- 
monate  dimsions  of  the  Gasteropoda.  In  the  bivalved  Lammellibran- 
chiata,  mussels,  oysters,  and  others,  the  gills  consist,  as  their  name 
implies,  of  two  pairs  of  flat  laminae,  composed  of  a double  layer  of  mem- 
branous rods,  covered  with  tine  cilia,  and  supporting  the  bloodvessels. 
In  some  genera,  these  branchiae  are  freely  exposed,  when  the  valves  of 
the  shell  are  open  (oyster)  ; in  others,  they  are  enclosed  by  the  ciliated 
lobes  of  the  mantle,  at  each  end  of  which,  an  aperture  exists  for  the 
entrance  and  exit  of  the  water,  which  is  driven  through,  by  ciliary  action. 

Molluscoida. — Amongst  these,  which  are  all  aquatic,  the  Ascidioida. 
possess,  in  the  anterior  part  of  the  body,  large  respiratory  atria  or 
chambers,  or  branchial  sacs,  lined  %vith  cilia,  and  communicating  with 
the  exterior.  These  atria  are  formed  by  an  expansion  of  the  part  for- 
merly named  the  pharynx,  which  is  supported  by  a rod,  called  the 
endostyle,  the  sides  of  which  are,  in  some  species,  cleft  by  numerous 
slits,  through  which  water  passes  into  an  interval  between  the  branchial 
atrium  and  the  proper  walls  of  the  body,  and  then  escapes  at  the  opening 
of  the  mantle.  In  the  Brachiopoda,  the  cavity  of  the  mantle  itself,  is 
the  chief  respiratory  chamber ; it  presents  vesicular  dilatations  covered 
with  vessels,  which  probably  act  as  gills.  In  the  Polyzoa,  the  peri- 
visceral cavity,  which  contains  nutrient  fluid,  is  prolonged  into  the 
numerous,  delicate,  tentacular  processes,  arranged  around  the  oral 
apertui’6,  which  are  covered  with  rows  of  beautiful  cilia ; hence  the 
fluid  in  their  interior,  is  aerated  by  the  currents  of  water  on  their 
surface. 

Annidosa. — The  aquatic  Annulosa  are  represented  only  by  the  Crus- 
taceans, and  the  Tardigrade  Arachnida.  In  the  larger  Crustacea,  the 
gills  or  branchife  present  the  form  of  flattened  laminse.  which,  in  the 
higher  forms,  such  as  the  lobsters  and  crabs,  are  enclosed  in  proi^er  bran- 
chial cavities  within  the  shell ; in  the  lobster,  there  are  twenty-two 
branchiae  on  each  side.  Through  these  cavities,  copious  streams  of 
water  are  propelled  by  the  continual  movements  of  special  flapping  organs, 
consisting  of  the  last  joints  of  some,  or  all,  of  the  abdominal  limbs, 
which  are  flattened  out  for  that  pinqiose. 

In  the  land  crabs,  which  are  drowned  if  kept  in  water,  but  which 
remain  on  land  a long  time,  the  gills  are  moistened  by  the  watery  con- 
tents or  secretion  of  a spongy  or  laminated  organ,  situated,  with  the  gills, 
in  the  gill-chamber.  In  still  lower  and  smaller  Crustacea,  the  branchiae 
consist  of  delicate  foliaceous  or  flabeUar  organs,  attached  to  the  under  side 
of  the  segments  of  the  body,  which  project  into  the  water,  and  ,are  usually 
kept  in  a constant  state  of  motion.  In  the  Crustacean  Onisei  or  wood- 
lice,  and  allied  forms,  which  inhabit  moist  places,  there  exist  near  the 
covered  gills,  networks  of  air-tubes,  or  even  air-sacs,  thus  approaching 
the  Insects.  In  some  of  the  lowest  aquatic  Arachnida,  as  the  Pycnogc- 
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nida,  no  special  respiratory  organs  have  been  detected.  No  cilia  exist 
in  any  of  the  aquatic  Arthropodous  Annulosa.  It  has  already  been 
mentioned,  that  the  larvse  of  certain  Insects,  vhich  live  in  water, 
breathe  by  gill-like  appendages  connected  with  the  abdomen,  or  with  the 
intestinal  canal.  The  Annelida  or  worms  are  generally  branchiated  ; the 
gills  are  composed  of  a highly-divided  delicate  membrane,  either  branched 
or  tufted,  and  usually  ciliated  ; they  are  sometimes  external  and  situated 
either  ou  the  back,  on  every  segment  of  the  body,  as  in  Nereis  and 
Eunice,  or  around  the  head  only,  as  in  Sei’pula ; sometimes  they  are 
internal  or  covered,  as  in  Polynoe ; or  they  are  represented  merely  by 
ciliated  sacs,  as  in  the  leech. 

Annuloida. — These  are,  also,  either  aquatic,  or  parasitic  in  the  interior 
of  other  animals.  Such  as  have  soft  integuments,  probably  respire 
through  the  skin.  None  ever  possess  branchiae ; but  special  provisions 
for  the  respiratory  function  are  met  with.  Thus,  in  all  the  worm- 
shaped Scolecida,  there  exist  peculiar  ramified  contractile  vessels,  the 
trunks  of  which  open  on  the  surface  of  the  body,  and  are  in  part  ciliated 
in  their  interior;  these  are  the  so-called  water-vessels,  which  are  supposed 
to  be  subservient  to  the  respiratory  process.  In  the  Eotiferous  animal- 
cules, ciliated  discs  of  the  most  varied  shape,  perform  this  function.  In 
the  Eehinodermata,  respiration  seems  also  to  be  performed,  partly  by  the 
sides  of  the  perivisceral  cavity  which  communicates  generally  with  the 
exterior,  admits  the  sea-water,  and  is  lined  with  cilia  ; and  partly  by  the 
contractile  ambulaeral  vessels,  which  can  also  be  distended  tvith  fluid. 
In  the  Holothurida,  the  perivisceral  cavity  is  closed ; the  ambulaeral 
system  is  reduced  to  its  lowest  condition,  but  important  ramified  tubular 
organs,  communicating  by  a trunk  with  the  cloaca,  and  projecting  into 
the  perivisceral  cavity,  are  regarded  as  respiratory  organs;  they  are 
contractile  and  are  lined  with  cilia. 

Calentcrata. — All  of  these  are  aquatic.  They  possess  no  distinct 
circulatory  organs,  and  accordingly  no  separate  respiratory  apparatus  ; 
respiration  seems  to  be  accomplished  by  the  interchange  of  oxygen  and 
carbonic  acid,  indifferently  through  any  part  of  the  external  surface,  or 
specially  perhaps  at  certain  ciliated  portions  of  the  internal  surface  of 
their  body  cavities,  and  within  the  numerous  ciliated  tubular  prolongations 
of  that  cavity,  which  ramify  in  the  soft  disc  of  some  of  those  animals. 

Protozoa. — These  universally  aquatic  animals,  exhibit  the  same  want 
of  distinct  respiratory  organs,  unless  the  contractile  vesicles  be  of  this 
character.  In  the  Infusoria,  more  or  less  of  the  surface  of  the  body  is 
ciliated.  In  the  Sponges,  the  tubular  passages  through  the  body,  form 
respiratory  surfaces,  being  in  many  species  provided,  at  certain  points, 
with  cilia.  Lastly,  in  the  Ehizopods,  or  Foraminifera,  and  in  the  still 
humbler  Gregarinida,  not  even  cilia  are  present ; but  the  almost 
structureless  or  simple  cell-like  body  of  these  animals,  must  be  stimu- 
lated, disintegrated  and  purified,  by  direct  absorption  of  oxygen,  and 
exhalation  of  carbonic  acid,  so  far  as  is  necessary  for  their  simple  life. 

The  presence  of  vibratile  cilia,  on  the  respiratory  surfaces  of  the  lower 
forms  of  most  aquatic  animals,  is  a noticeable  anatomical  fact;  they 
often  occur  in  the  embryonic,  if  not  in  the  adult  condition.  They 
serve,  when  present,  to  change  continually  the  stratum  of  water  in  im- 
mediate contact  with  the  breathing  surfaces  ; and.  according  to  some, 
their  motion  is  even  to  be  attributed  to  the  active  chemical  changes 
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which  take  place  on  those  surfaces.  They  are  not,  however,  essential,  for 
they  are  not  always  present.  Their  absence  from  the  branchiae  of  the 
Cephalopods  amongst  Mollusca,  and  of  the  Crustacea,  amongst  Annu- 
losa,  form  the  most  striking  exceptions.  Amongst  the  aquatic  Vertebrata, 
they  are  not  found  on  the  gills  of  fishes,  unless  upon  the  branchial  ap- 
paratus of  the  singular  Amphioxus  ; they  exist  on  the  temporary  gills  of 
the  Amphibia,  but  probably  not  on  the  permanent  gills  of  the  Perenni- 
branchiate  forms.  Amongst  air-breathing  animals,  they  are  wholly 
absent  in  the  sacs  or  tracheae  of  the  higher  Annulosa.  In  the  lowest 
air-breathing  Vertebrata,  viz.  the  Amphibia,  they  exist  in  the  lungs  as 
well  as  in  the  respiratory  passages ; but,  in  all  other  instances,  they 
appear  to  be  confined  to  the  air-passages  and  air-tubes,  not  extending  to 
the  air-cells.  It  must  also  be  remembered  that  they  are  found  on  other 
organs,  besides  those  concerned  in  respiration. 


ANIMAL  HEAT,  LIGHT,  AND  ELECTRICITY. 

ANIMAL  HEAT. 

Inorganic  bodies  have  a constant  tendency,  by  losing  or 
gaining  heat,  to  adapt  tliemselves  to  the  temperature  of  sur- 
rounding media  or  objects.  They  may  also  be  artificially 
cooled,  or  artificially  heated,  to  all  possible  degrees.  The 
same  is  true  of  dead  organised  bodies,  tvithin  the  limits  of 
combustion,  as  of  a dead  tree,  or  of  a dead  human  body. 
Living  plants  and  animals  also  receive,  or  give  off,  heat 
physically,  but  they  hav'e,  besides,  a common  power  of  re- 
sisting external  temperatures ; with  plants,  this  power  is  very 
feeble,  but  with  animals  it  is  more  marked.  In  the  higher 
animals  especially,  there  is  an  inherent  power  of  maintaining 
a temperature  differing  from  that  of  the  surroimding  media, 
which  are  in  general  cooler,  but  may  be  warmer,  than  their  o^vu 
bodies.  Moreover,  each  kind  of  animal  is  able  to  maintain, 
tvithin  a certain  range,  a temperature  proper  to  itself : but, 
since  even  living  animals,  like  dead  ones  and  inorganic  bodies, 
exhibit  the  same  physical  phenomena  of  absorption,  conduc- 
tion, and  radiation  of  heat,  they  imdergo  constant  changes, 
usually  in  the  direction  of  a loss  of  heat.  Hence,  there  must 
exist  within  them,  a power  of  constant  renewal,  or  production, 
of  fresh  heat.  The  standard  temperature  of  an  animal  is 
understood  to  express  its  proper  heat ; whilst  the  form  of  heat 
produced  in  its  body,  for  the  maintenance  of  this  temperature, 
is  known  as  Animal  Heat. 
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This  function  of  producing  heat,  is  universal  in  the  Animal  Kingdom, 
and  all  the  processes  of  animal  life  are  influenced  by  it. 

Animals  have  been  divided,  according  to  their  temperature,  into  the 
Cold-blooded  and  the  Warm-bloodid  animals,  the  former  being  under- 
stood to  include  all  the  Non-vertebrate  animals,  and,  amongst  the  Verte- 
brata,  the  Fishes,  Amphibia,  and  Keptiles ; whilst  the  Warm-blooded 
animals  consist  of  the  Birds  and  Mammalia,  including  Man.  Amongst 
the  Non-vertebrate  Classes,  the  Protozoa  and  Coelenterata,  having  no 
proper  blood  system,  can  hardly  be  designated  cold-blooded  ; yet  they 
have  a close  relationship,  as  regards  the  phenomena  of  temperature,  with 
that  division  of  animals.  It  has  been  proposed  to  name  the  Cold- 
blooded animals,  animals  of  variable  temperature,  and  the  Warm-blooded 
creatures,  animals  of  constant  temperature  ; because  the  former  have 
their  actual  temperature  greatly  influenced  by,  that  is  to  say,  elevated  or 
lowered,  according  to  corresponding  changes  in  the  temperature  of  the 
media  in  which  they  live ; whilst,  on  the  other  hand,  the  latter  exhibit 
nearly  a uniform  temperature,  under  important  alterations  in  that  of 
the  surrounding  media  (Bergmann). 

In  regard  to  the  Protozoa,  it  has  been  shown,  that  when  water  con- 
taining Infusoria,  is  frozen,  these  minute  creatures  are  not  always  neces- 
sarily destroyed  by  being  likewise  frozen,  but  each  survives  for  a 
certain  time,  surrounded  by  a little  uncongealed  watery  space ; this  can 
only  be  accounted  for,  on  the  supposition  that  the  animalcule  continues 
to  produce  a minute  quantity  of  proper  or  individual  heat.  In  the 
aquatic  Non- vertebrate  animals  generally,  a similar  power  of  resisting 
cold  exists  ; though  there  are  but  few  observations  on  the  heat-producing 
powers  of  these  animals.  The  temperature  of  a number  of  earth  worms, 
leeches,  slugs,  or  snails,  collected  in  heaps,  has  been  found  to  be  from 
l|-°  to  2°  higher  than  the  air.  In  the  air-breathing  Insects,  the  heat 
evolved  in  the  larval  or  caterpillar  stage,  is  sufficient  to  maintain  the 
body  from  to  2°  in  the  Lepidoptera,  and  from  2°  to  4°  in  the  H^-men- 
optera,  above  that  of  the  surrounding  medium.  In  the  chrj'salis  stage, 
the  temperature  is  nearly  that  of  the  surrounding  medium,  very  little 
heat  being  evolved.  In  the  perfect  Insect,  the  temperature  may  vary  in 
the  bee  from  3°  to  10°,  and  in  the  butterflies  from  5°  to  9°,  above  that 
of  the  air.  The  temperature  of  bees,  in  numbers,  as  in  a hive,  may  be 
as  high  as  16°  above  that  of  the  air.  The  nursing  bees  sometimes  reach 
a temperature  of  22J°  above  that  of  the  atmosphere.  Insects,  there- 
fore, under  certain  circumstances  possess  a heat-producing  power  nearly 
equal  to  that  of  the  w'arm-blooded  animals.  The  temperature  of  bees  is 
raised  by  exercise  and  excitement,  and  diminished  by  rest,  sleep, 
hybernation,  and  want  of  food. 

In  Fishes,  the  temperature  of  the  blood,  is  usually  from  to  1° 
warmer  than  the  surrounding  water  at  mean  temperatures.  In  other 
instances,  it  is  2°  to  3°  higher,  and  in  a few  exceptional  cases,  in  which 
the  muscles  and  the  blood  are  darker,  the  heart  is  larger,  and  the  gills 
provided  with  enormous  nerves,  as  in  the  tunny  and  bonito,  the  tempe- 
perature  is  still  higher ; that  of  the  bonito  has  been  found  to  be  99°, 
or  18i°  above  the  temperature  of  the  sea  (Davy).  In  the  frog,  when 
the  external  medium  has  a temperature  of  about  60°,  the  animal  is 
from  1°  to  1|°  warmer  than  it;  but  when  the  extern  il  temperature 
is  lowered  to  about  43°,  then  tlie  animal  is  from  2°  to  31°  warmer. 
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The  edible  frog,  enclosed  in  ice  at  21°,  has  exhibited  a temperature 
of  37i°. 

In  ileptiles,  the  temperature  of  the  body  is  still  higher,  though  yet 
it  is  dependent  on  the  external  temperature.  The  turtles  produce 
less  heat  than  the  serpents,  crocodiles,  and  lizards  ; the  temperature  of 
some  of  the  latter  has  been  found  to  be  86°,  that  is,  15°  higher  than 
that  of  the  surrounding  air.  These  facts  show  that  in  the  cold-blooded 
animals,  the  temperature  is  greatly  dependent  on,  and  regulated  by,  that 
of  the  surrounding  medium,  but  also  that  there  is  a moderate  individual 
heat-producing  power  even  in  them.  This  power,  moreover,  absolutely 
increases,  like  the  functions  of  the  animal  generally,  at  still  higher 
temperatures  ; but  yet  not  so  as  to  enable  the  animal  to  reach  that 
temperature. 

In  the  Warm-blooded  animals,  the  temperature  is  high  and  constant, 
and,  as  already  mentioned,  is,  within  certain  limits,  plainly  independent 
of  the  external  temperature,  o^ving  to  special  powers  exercised  within 
their  bodies.  Amongst  the  Mammalia,  the  average  temperature  of  the 
body,  is  lower  than  that  of  Birds,  which  present  the  highest  temperature 
of  any  animals,  although  their  general  organisation  places  them  in  a 
lower  rank  than  the  Mammals.  The  ordinary  range  in  the  Mammal-a.  is 
from  97°  to  101°;  in  Birds,  it  varies  from  100°  to  108°,  or  even  111°. 
In  the  sheep,  the  temperature  has  been  found  to  be  from  103°to  105',  in 
the  pig,  106°  ; but  in  the  arctic  fox,  it  has  been  found  to  be  107°,  the 
air  being  only  14°.  In  sea-birds,  as  in  the  gulls,  the  temperature  is 
lower  than  in  other  birds,  varjung  from  100°  to  105°;  in  the  common 
fowl  it  ranges  from  107°  to  110°,  according  to  the  climate  and  season, 
and  in  the  swallow,  it  is  even  111:^°  (J.  Day}-). 

The  temperature  of  the  tissues  of  the  human  body,  speaking 
generally,  ranges  between  98°  and  100°;  but  that  of  the  blood, 
■which  is  the  hottest  part  of  the  organism,  ranges  from  100°  to 
102°.  The  blood  varies  in  temperature  in  different  parts, 
being  hottest  in  the  hepatic  veins,  which  bring  the  blood  from 
the  liver ; this  blood  is  somewhat  warmer  than  that  of  the 
vena  portce,  and  even  1°  higher  than  the  blood  of  the  aorta 
(Bernard).  Directly  opposite  statements  have  been  made  as 
to  the  temperature  of  the  blood,  before,  and  after,  it  has  passed 
through  the  lungs ; but  the  most  recent  researches  favour  the 
conclusion  that  the  blood  in  the  left  side  of  the  heart,  is  nearly 
.1°  lower  than  in  the  right  side  of  that  organ  ; a slight  cooling 
process  is  supposed  to  occur  in  the  lungs  from  the  air  admitted 
into  them.  The  blood  of  the  superficial  veins  of  the  limbs, 
coming  from  the  exposed  skin  is  naturally  cooler,  from  the 
influence  of  the  atmosphere,  than  that  of  the  arteries,  which 
lie  deeper ; the  temperature  of  the  blood  in  the  deep  veins,  as  in 
the  femoral  vein,  is  also  said  to  be  about  1°  cooler  than  that 
in  the  femoral  artery  (Becquerel  and  Breschet).  The  relative 
warmth  of  the  organs  and  tissues,  always  less  than  that  of  tlie 
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blood,  depends  on  tlieir  vascularity,  their  distance  from  the 
central  part  of  the  body,  or  their  proximity  to  the  surfixce,  and 
on  the  degree  to  which  they  are  protected  by  external  covering. 
Thus,  whilst  the  temperature  in  the  abdomen  (in  the  bladder), 
has  been  foiind  to  be  nearly  102°,  even  higher  than  that  of  the 
thorax,  the  temperature  under  the  tongue  is  about  98°  ; and 
in  the  axilla  96°;  that  of  the  hands  and  feet  may  ordinarily  be 
from  9°  to  12°  cooler  than  the  central  parts,  i.e.  from  90°  to  93°. 

Various  conditions  modify  the  temperature  of  the  human 
body  ; neither  age  nor  sex  produce  any  remarkable  difference. 
The  temperature  of  infants  and  of  old  persons,  is  about  normal, 
so  long  as  they  are  placed  under  favourable  conditions  of  pro- 
tection. But  the  power  of  infants  and  very  young  children, 
as  well  as  of  the  aged,  to  resist  the  lowering  effects  of  cold,  is 
less  than  in  the  adult.  Experiments  oil  the  young  of  Mammalia 
and  Birds,  show  this  ; their  small  bodies,  and  also  those  of  the 
human  infant,  will  cool  comparatively  more  rapidly  by  radi- 
ation and  conduction,  than  those  of  adult  animals  and  Man  ; 
their  calorific  power  may  be  as  great,  but  they  cool  more 
quickly.  Hence  the  greater  necessity  for  the  protection  of 
clothing,  and  for  artificial  warmth. 

The  influence  of  race  is  also  slight  or  ineffective.  In  hot 
climates,  and  in  hot  seasons,  the  mean  temperature  of  the  body 
is  somewhat  higher  than  in  cold  climates  and  seasons,  the  dif- 
ference being  more  marked  in  animals  than  in  Man.  The 
difference,  however,  usually  amounts  to  not  more  than  from 
1°  to  2°,  showing  how  slight  is  the  influence  of  climate,  and 
proving  the  independence  of  the  temperatirre  of  warm-blooded 
creatures  of  external  changes.  According  to  Dr.  I.  Davy, 
however,  in  a long  series  of  observations,  whilst  the  external 
temperature  varied  as  much  as  22°  Fahr.,  i.e.  from  60°  to  82°, 
that  of  the  body  fluctuated  5‘5°  Fahr.,  i.e.  from  96'5  to  102°. 
The  power  of  Man  to  resist,  and  accommodate  himself  to,  climatic 
variations  of  temperature,  is  greatly  aided  by  shelter,  clothes, 
fire,  means  of  cooling  the  air,  and  peculiar  selection  of  food  ; 
he  can  create  an  artificial  climate,  and  protect  himself  against 
its  hostile  influences.  Sleep  lowers  the  temperatoe  of  the  body 
from  1°  to  2°,  all  the  organic  functions,  even  circulation  and 
respiration,  being  at  that  time  likewise  less  active.  No  constant 
diurnal  variations  of  the  temperature  of  the  body,  in  Man,  have 
been  observed ; but,  in  Birds,  the  highest  temperature  seems  to 
be  attained  at  noon,  and  the  lowest  about  midnight  (Chossat). 
Exercise  increases  not  only  the  sensation  of  warmth  in  the 
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body,  but  actually  i-aises  the  average  temperature ; the  elfects, 
however,  being  by  far  most  evident  in  the  extremities.  Thus, 
the  general  temperature  after  quick  running,  may  become 
nearly  2°  warmer ; after  walking,  the  deep-seated  parts  show 
little  or  no  change,  whilst  the  feet  and  hands  are  raised  many 
degrees,  the  action  of  the  heart  and  lungs  being  quickened,  as 
well  as  that  of  the  muscular  system  generally,  so  that  more 
rapid  metamorphoses  take  place  (pp.  425,  465).  Deficient 
and  positive  abstinence,  lower  the  temperature,  why,  will  be 
explained  hereafter ; on  the  other  hand,  abundance  of  food 
and  the  use  of  stimulants,  ultimately  increase  it ; but  the 
immediate  effect  of  a meal,  or , of  taking  Avine,  is  said  to  be 
temporarily  to  lower  the  animal  heat.  The  depression  of  the 
temperatiu'e,  observed  in  animals,  in  which  the  skin  is  covered 
with  an  impermeable  varnish,  has  already  been  mentioned 
(p.  401).  According  to  Becquerel  and  Breschet,  in  rabbits  so 
treated,  the  temperature  falls  speedily  from  100^  to  about  75°, 
before  death  takes  place.  The  change  in  the  colour  of  the  ftir 
or  feathers,  to  white  as  winter  approaches,  in  the  case  of  Arctic 
mammalia  and  birds,  retards  radiation,  and  so  conserves  their 
animal  heat.  In  disease,  the  temperature  of  the  human  body, 
has  been  found  to  rise  or  fall  many  degrees  above,  or  below, 
the  normal  temperature.  Thus,  in  fevers  with  acceleration  of 
the  pulse  and  respiration,  in  active  phthisis,  in  pj’temia,  and 
other  diseases,  temperatures  of  104°,  106°,  and  108^°,  have  been 
noted,  and  in  tetanus  of  110|°,  i.e.  nearly  10°  higher  than  the 
normal  standard.  On  the  other  hand,  in  asthma  and  in 
cyanosis,  or  the  so-called  blue  disease,  in  which,  owing  to  a 
communication  between  the  right  and  left  auricles  of  the  heart, 
the  blood  is  imperfectly  oxygenated  in  the  lungs,  the  tempe- 
rature of  the  body  is  unnaturally  low  ; this  is  also  the  case  in 
syncope,  apparent  death,  and  cholera,  in  which  last  disease,  the 
blood  becomes  so  thickened  as  scarcely  to  circulate.  In  the 
stage  of  collapse  in  cholera,  the  temperature  of  the  surface  of 
the  body  may  be,  according  to  different  authorities,  as  low  as 
from  80°  to  67°,  i.e.  from  15°  to  28°  below  the  ordinary  tem- 
perature of  the  exposed  skin.  The  sensation  of  heat,  or  tlie 
opposite  one  of  cold,  experienced  by  a person  in  disease,  does 
not  always  correspond  with  the  actual  temperature  of  the  body ; 
for  in  the  cold  stage  of  ague,  though  the  feeling  of  cold  is 
extreme,  the  temperature  of  the  body  may  be  actually  raised 
(vol.  i.  p.  470).  On  the  approach  of  death,  generally,  with  a 
feebler  pulse  and  respiratory  action,  combined  frequently  with 
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the  evaporation  of  profuse  perspiration,  the  temperature  is 
gradually  lowered : first,  in  the  liands  and  feet,  then  in  the 
forehead,  ears  and  nose,  and  afterwards  in  the  parts  nearer  to 
the  centre  of  the  body.  It  has  been  observed,  not  only  in 
cholera,  in  which  the  temperature  of  the  body  is  lowered  from 
the  disease  during  life,  but  also  in  yellow  fever,  in  which  the 
body  is  hotter  than  natural,  that  the  temperature  after  death 
undergoes  an  actual  elevation ; this  is  probably  to  be  accounted 
for,  by  the  conduction  of  heat  from  the  central  parts,  together 
■with  the  cessation  of  the  cooling  influence  of  the  evaporation 
of  the  cutaneous  exhalation. 

After  death,  the  cooling  process  goes  on,  in  accordance  with 
the  physical  laws  which  regulate  the  temperature  of  inorganic 
moist  bodies,  the  rate  at  which  this  cooling  takes  place,  de- 
pending chiefly  on  the  external  temperature  and  relative 
motion  of  the  air,  on  the  degree  of  exposure  of  the  body,  its 
condition  of  emaciation  or  obesity, — fat  being  a bad  conductor 
— and  on  the  conducting  power  of  the  clothes,  or  other  objects 
in  immediate  contact  with  the  corpse. 

Effects  of  Cold  on  the  Human  Body. 

The  power  possessed  by  the  human  body,  of  maintaining  its 
proper  temperature,  independently  of  external  conditions,  is 
limited  within  certain  ranges  ; conditions  of  cold  or  heat  are 
met  with,  which  not  only  produce  great  inconvenience,  but 
■wdiich,  in  the  absence  of  special  protection,  may  exercise  a 
fatal  influence.  It  has  been  shown  experimentally,  that,  when 
a Mammalian  animal  has  lost  about  20°  to  21°,  or  about  ;|th 
of  its  normal  heat,  it  suffers  so  greatly,  that  a further  loss  of 
heat  is  fatal  to  it,  death  ensuing  from  debility  or  congelation. 
On  the  other  hand,  an  addition  to  the  temperature  of  the  body 
of  a Mammiferous  animal,  of  about  13°,  is  equally  serious,  con- 
stituting a limit  beyond  which  death  speedily  occm-s.  Hence 
in  Mammalia  generally,  an  artificial  elevation  of  the  temperature 
of  the  body,  is  sooner  fatal  than  an  artificial  lowering  of  that 
temperature.  The  same  is  probably  true  of  Man,  a greater 
range  of  temperature,  in  disease,  having  been  observed  previous 
to  death,  in  the  descending  than  in  the  ascending  scale  of 
warmth.  The  relative  degrees  of  external  heat  and  cold,  which 
are  endurable  by  Man,  with  proper  precautions,  in  the  different 
climates  of  the  world,  also  prove  that  he  can  sustain,  without 
injury,  a greater  diminution  than  an  elevation  of  the  external 
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temperature.  In  the  arctic  regions,  the  thermometer  has  been 
recorded  at  temperatures  as  low  as  from  — 55°to  — 70°,  the  latter 
temperature  being  no  less  than  170°  below  the  normal  tem- 
perature of  the  blood ; whilst  in  the  other  direction  the  highest 
temperature  registered  in  the  ti-opics,  is  about  1-30°  in  the 
shade,  viz.  about  30°  above  the  blood  heat.  !Man  is  much 
more  readily  inured  to  cold  than  to  heat ; and  the  inhabitants 
of  temperate  regions,  when  they  remove  to  the  tropics,  require 
to  be  more  specially  acclimatised,  and  can  scarcely  avoid  be- 
coming ill ; whilst,  in  removing  to  colder  latitudes,  with  due 
precautions,  health  may  be  more  easily  preserved.  Nevertheless, 
cold,  to  the  feeble  and  aged,  is  the  great  enemy  of  animal 
life,  and  the  chief  remote  cause  of  human  mortality. 

Wlien  the  living  human  body  is  exposed  to  the  prolonged 
action  of  extreme  cold,  without  protection,  a gradual  benumbing 
of  the  sensibility,  a lowering  of  the  circulation  and  respiration, 
and  a general  torpidity  of  the  system,  are  produced.  These 
effects  occttr  more  readily  in  children,  and  in  infirm,  ill-fed,  or 
starved  persons,  and  also  in  aged  persons ; and  lastly,  in  those 
who  are  previously  overcome  by  fatigue,  or  by  the  narcotic 
effects  of  alcohol.  The  nervous  system  is  specially  subjected 
to  the  influence  of  cold  ; the  senses  frequently  act  irregularly, 
giving  rise  to  noises  in  the  ears,  and  spectral  visions ; delirium 
often  supervenes,  and,  finally,  an  irresistible  tendency  to,  and 
desire  for  sleep,  takes  complete  possession  of  the  frame.  Further 
exposure  to  cold,  then  produces  a fatal  coma.  Isolated  examples 
of  death  from  this  cause,  happen  in  the  experience  of  civilised 
life  ; but  large  numbers  of  troops,  and  even  entire  armies,  es- 
pecially when  iU-fed,  clad,  and  protected,  have  been  lost  from 
the  injurious  effects  of  extreme  cold.  The  effect  of  cold  is 
most  marked,  when  the  body  itself  is  motionless.  Its  evil  or 
fatal  effects  occur  more  rapidly,  however,  when  the  atmosphere 
itself  is  in  motion  ; because,  then,  fresh  quantities  of  cold  air 
are  brought  continually  in  contact  with  the  body,  and  so 
conduct  away  its  heat  more  rapidly.  A moist  atmosphere  is 
also  detrimental,  on  account  of  its  being  a better  conductor  than 
dry  air. 

The  local  effects  of  extreme  cold  are  usually  manifested,  fir.'t 
upon  parts  unprotected  by  covering,  or  most  distant  from  the 
centre  of  the  body,  such  as  the  feet,  hands,  face,  or  ears,  and 
especially  the  nose.  In  such  case,  the  skin  first  becomes  red, 
from  congestion  of  the  dilated  small  arteries  and  capillaries: 
next  it  becomes  blue,  from  arrest  of  the  circulation : and  after- 
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wards  of  a tallowy  white,  from  the  extreme  constriction  of  the 
arteries  supplying  the  part,  so  that  the  circulation  is  first 
retarded,  and  then  entirely  arrested.  In  perfect  congelation, 
minute  particles  of  ice  actually  form  in  the  tissues.  The 
congealed  tissues  may  sometimes  be  restored  to  their  normal 
state,  provided  that  the  retmm  to  a higher  temperature,  be 
gradual,  as  is  often  and  best  accomplished,  in  extreme  cases 
0^  frost-bite^  by  friction  with  snow  or  ice-cold  water.  By 
warming  the  frozen  parts  too  rapidly,  the  gases  of  the  blood 
and  tissues,  set  free  at  the  moment  of  congelation  of  the  water, 
are  expanded  in  the  interior  of  the  capillaries,  or  amongst  the 
fine  structural  elements  of  the  tissues,  bursting  the  former 
or  destroying  the  latter,  and  so  inducing  gangrene.  In  fatal 
cases  of  exposure  to  cold,  the  body  may  not,  or  may,  be  com- 
pletely frozen,  for  the  process  of  congelation  of  the  water  in 
the  tissues  may  penetrate  through  the  whole  dead  body  ; brtt 
death  long  precedes  such  a re.sult,  owing,  on  the  one  hand,  to 
the  fatal  benumbing  influence  of  cold  on  the  nervous  system, 
and,  on  the  other,  to  the  retention  of  some  of  the  proper  heat 
of  the  body,  after  actual  death. 

Effects  of  Heat  on  the  Human  Eody. 

These  are  also  of  great  interest.  In  resisting  moderately 
high  temperatures,  the  problem  to  be  solved,  is  that  of  main- 
taining the  temperature  of  the  body,  within  2°,  or  at  most  5°, 
of  its  ordinary  standard,  at  a time  when  it  is  not  only  pro- 
ducing heat  within  itself  by  its  vito-chemical  actions,  but  is 
also,  like  any  other  material  mass,  receiving  heat  from  a 
surrounding  medium,  hotter  than  itself  Thus,  the  mean 
daily  temperature  of  the  air,  in  the  tropics,  dui'ing  the  six 
summer  months,  ranges  as  high  as  from  80°  to  90°,  in  the 
shade,  the  highest  daily  temperature  in  the  shade,  varying 
from  104°  to  118°,  and  the  lowest  nocturnal  temperature 
ranging  from  60°  to  66°,  the  heat  thus  exliibiting  a variation  of 
from  44°  to  to  52°  in  the  course  of  12  hours.  In  exceptional 
seasons,  the  highest  temperature  rises  to  130°.  Again,  in  the 
direct  rays  of  the  sun,  the  heat  is,  of  course,  still  greater.  The 
effect  on  the  system,  is  aggravated  by  motion  of  the  hot  air. 
The  adapfibility  of  Man  to  extremes  of  temperature,  enables 
him,  however,  to  livm  in  such  a climate. 

The  chief  means  of  maintaining  the  normal  temperature  of 
the  body,  in  hot  climates,  consists  in  a large  increase  in  the 
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amount  of  tlie  water  exhaled  from  the  surface  of  the  luncrs 
and  of  the  skin,  especially,  however,  from  the  latter.  The 
skin  becomes  bathed  with  fluid,  the  evaporation  of  which, 
at  the  high  temperature  of  the  strrface  and  of  the  surrounding 
air,  occasions  a loss  of  heat  and  a reduction  in  the  temperature 
of  the  evaporating  surface.  In  this  way  chiefly,  the  heat  of  the 
body  is  lowered,  and  maintained  nearly  at  its  normal  standard. 
The  eflect  in  reducing  the  temperature  of  the  body,  is  greater, 
if  the  atmosphere  be  dry  as  well  as  warm,  and  then,  also,  if  it 
be  in  motion ; these  conditions  favour  cutaneous  exhalation 
and  evaporation. 

It  has  been  shown,  by  an  ingenious  experiment,  that  the  evaporation 
from  the  surface  of  the  skin  of  the  living  frog  subjected  to  high  tem- 
peratures, is  suificient  to  maintain  the  temperature  of  the  animal  at  a 
stationary  point,  after  it  has  reached  a certain  height ; whereas  moist 
mushrooms,  subjected  simultaneously  to  the  same  conditions,  soon 
obey  the  temperature  of  the  surrounding  air.  The  frog  and  the 
mushrooms  were  placed  in  a chamber  filled  with  dry  air,  heated  from 
122°  to  140°  ; at  the  end  of  a quarter  of  an  hour,  both  the  frog  and  the 
mushrooms  were  nearly  at  an  equal  temperature,  viz.  from  62°  to  72°, 
each  having,  by  simultaneous  evaporation  into  the  hot  air,  maintained 
a comparative  coolness.  As  the  experiment  proceeded,  the  temperature 
of  both  rose  to  about  100°,  at  which  point,  the  frog's  temperature 
remained  stationary,  wliilst  that  of  the  fungi,  no  longer  able  to  undergo 
further  evaporation,  continued  to  rise.  The  continuous  exhalation  from 
the  moist  skin  of  the  frog,  was  the  onlj’  cause  which  could  explain  the 
non -occurrence  of  a fiu’ther  rise  in  its  temperature  (De  la  Eoche  and 
Berger). 

The  eflect  of  evaporation,  in  reducing  the  temperature  of  the 
living  body,  may  also  be  illustrated  by  the  results  of  experi- 
ments made  on  sponges  wetted,  and  porotts  vessels  filled  with 
hot  water,  and  placed  in  a dr_v  oven,  in  which  the  air  was  still 
hotter ; these  bodies  actually  lose  heat  at  first,  evidently  owing 
to  temporary  evaporation. 

It  has  been  supposed  that  the  living  animal  body  may  possess 
some  special  means  of  resistance  to  external  heat,  but  of  this 
there  is  no  proof  whatever.  It  may  be  entirely  explained  by 
the  effects  of  evaporation. 

Thus,  when  the  surrounding  air  is  warm  or  hot,  especially 
if  it  be  dry,  the  evaporation  from  the  skin  is  increased,  and  so 
the  temperature  of  the  body  is  lowered ; whereas,  in  colder 
air,  especially  if  this  be  also  moist,  the  diminislied  amount  of 
evaporation,  tends  so  far,  to  conserve  the  animal  heat.  The 
increased  perspiration  excited  by  the  great  heat  of  the  skin, 
furnishes,  for  a certain  time,  sufficient  material  for  evapwration. 
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There  is  a limit,  however,  to  the  amount  of  this  excretion,  and 
also  to  its  rapidity  of  evaporation  ; for  when  the  surrounding  air 
becomes  moist,  a check  being  put  to  the  evaporation,  the  body 
is  no  longer  thus  defended,  and  its  temperature  begins  to  rise. 
Thus,  in  a room,  the  temperature  of  which  was  260°,  and  the 
air  dry,  it  was  found  possible  to  remain  for  8 minutes,  by  which 
time,  the  body  Avas  not  much  elevated  in  temperature,  although 
the  clothes,  and  other  articles  in  the  room,  became  very  hot 
(Blagden  and  Banks).  A case  is  on  record  of  a person  re- 
maining 10  minutes  in  a dry  hot  air-bath  at  284° ; whilst 
Chabert,  the  so-called  tire-king,  went  into  ovens  heated  from 
400°  to  600° ; but  of  course,  tor  a much  shorter  period.  Many 
workmen  employed  in  foundries  or  glassworks,  also  Avithstand 
very  high  temperatures,  the  skin  being  profusely  bathed  Avith 
perspiration  ; these  men  of  necessity  drink  large  quantities  of 
fluid.  When,  hoAvever,  the  air  is  moist  as  Avell  as  hot,  the 
temperatm-e  that  can  be  endured  is  much  less ; tor,  in  a vapour 
bath,  at  a temperature  of  only  120°,  the  body  rapidly  gains  heat, 
as  much  as  70°  in  10  minutes,  and  a feeling  of  great  and  in- 
supportable discomfort  is  experienced  (Berger  and  DelaEoche). 
It  is  said,  hoAvever,  that,  from  habit,  the  Finns  can  withstand, 
for  upAvards  of  half-an-hour,  moist  air  or  vapom-  baths  gradu- 
ally raised  to  158°,  or  even  to  167°.  Animals  surrounded  by 
air  heated  gradually  to  200°,  speedily  die,  their  temperature 
being  then  raised  about  13°  above  their  natural  standard  (The 
same  Authorities).  This  seems,  accordingly,  to  be  the  extreme 
limit  of  heat  endurable  by  a Avarm-blooded  animal.  Most 
cold-blooded  animals  are  killed  by  a temperatrrre  of  about  75°. 

In  civil  life,  even  in  temperate  climates,  direct  exposure  to  the 
rays  of  the  sun,  is  often  fatal,  producing  some  protcund  disturb- 
ance of  the  nervous  centres,  caused  either  by  congestion  of  the 
vessels  of  the  brain,  OAving  to  quickening  of  the  circulation, 
or,  as  some  have  supposed,  by  expansion  of  the  blood,  from 
the  heat  acting  on  the  contents  of  the  skull,  the  capacity  of 
Avhich  is  unchangeable.  This  coup  de  soleil  occurs  still  more 
frequently  in  the  tropics,  amongst  troops  on  the  march,  or 
amongst  coolies  or  slaves  Avorking  on  railways  or  plantations. 
In  Pekin,  during  about  ten  days  in  July  1743,  the  thermometer 
stood  at  the  extreme  height  of  104°  in  the  shade,  and  in  that 
period  11,400  people  died.  Under  extreme  elevations  of 
temperature,  the  only  safety  consists  in  retiring  to  the  pro- 
tection of  houses,  and  in  reducing  the  temperature  of  the 
atmosphere  in  them  by  artificial  methods,  such  as  by  the  use  of 
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large  fans  or  punkahs,  “wet  hangings,  and  other  means.  Habit 
accustoms  the  Chinese,  negroes,  and  others,  to  bear  a greater 
heat  than  the  natives  of  temperate  climates  can  support. 


Theories  of  Animal  Heat. 

Previously  to  the  time  of  Lavoisier,  the  heat  of  the  body 
was  more  or  less  vaguely  referred  to  friction,  the  organic 
processes  of  nutrition,  the  influence  of  nervous  action,  and 
generally  to  what  was  understood  as  the  action  of  the  so- 
called  vital  force. 

In  consolidating  the  discoveries  of  his  predecessors,  in 
regard  to  the  chemical  nature  of  carbonic  acid,  oxygen,  and 
nitrogen,  and  in  explaining  therefrom,  the  chemical  processes 
and  products  of  respiration,  Lavoisier  propounded,  for  the 
first  time,  a distinct  scientific  theory  of  the  ])roduction  of 
animal  heat.  This,  now  known  as  the  chemical  theory  of 
animal  heat,  regards  this  heat  as  the  result  of  an  oxidation  or 
combustion  process,  affecting  the  animal  frame.  Carbon, 
when  heated  in  the  presence  of  oxygen,  unites  -with  that  gas, 
forms  carbonic  acid,  and  evolves  heat.  In  like  manner, 
Lavoisier  argued,  that  the  formation  of  carbonic  acid  in  the 
blood,  as  the  result  of  respiration  in  living  animals,  must  be 
accompanied  by  an  evolution  of  heat. 

Though  Lavoisier  was  wrong  in  supposing  that  this  union 
of  oxygen  with  carbon,  takes  place  in  the  pulmonary  capillaries, 
nevertheless,  his  chemical  theory  of  respiration  is,  with  certain 
modifications  and  extensions,  accepted  as  the  true  theory  of 
animal  heat. 

To  found  this  theory  of  respiration,  it  was  necessary  to 
compare  the  amount  of  heat  evolved,  during  the  direct  com- 
bination of  a certain  quantity  of  oxygen  and  carbon  out  of 
the  body,  with  the  amount  of  heat  given  off  from  a living 
animal  during  its  consmnption  of  a similar  quantity  of  oxygen. 
This  enquiry  was  surromided  by  many  difficulties. 

To  obtain  data  for  these  purposes,  Lavoisier  made  the  first 
step  in  the  science  of  calorimetry,  by  burning  given  quantities 
of  carbon  and  hydrogen,  in  his  so-called  ice  calorimeter. 
This  was  a closed  metal  case  with  double  sides,  between 
which  ice  was  packed ; the  source  of  heat  to  be  subjected  to 
experiment,  was  placed  in  the  interior  of  the  case,  and  the 
quantity  of  heat  given  off,  was  estimated  by  the  quantity  of 
ice  which  was  melted.  The  water  calorimeter  of  Comit 
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Rumford  is  constructed  on  a similar  plan,  but  is  filled  witb 
distilled  water  of  a known  temperature,  and  measures  the 
quantity  of  heat  given  out  in  the  experiment,  by  the  ele- 
vation of  temperature  of  a known  quantity  of  water. 

In  the  first  accurate  experiments  on  animals,  which  were 
made  by  Dulong  and  Despretz,  a water  calorimeter  was  em- 
ployed. The  animal  was  placed  in  a metal  chamber,  which 
was  surrounded  by  a given  quantity  of  water  enclosed  in  a 
still  larger  vessel ; air  was  conducted  to  the  internal  chamber 
by  one  tube,  whilst  a second  long  spiral  tube  passing  through 
the  water,  like  the  condensing  tube  of  a still,  conveyed  away 
the  warm  air,  which,  before  it  escaped,  gave  up  its  heat  to 
that  fiuid.  The  stream  of  air  was  rendered  uniform  by  an 
apparatus  known  as  an  aspirator,  a large  closed  vessel  filled 
with  Avater,  and  connected  Avith  the  free  end  of  the  coiled  air- 
tube,  so  that  on  the  gradual  escape  of  the  Avater  from  the 
aspirator,  through  a stop-cock,  air  Avas  draAvn  through  the 
apparatus  at  a uniform  rate.  In  the  Avater  of  the  calorimeter 
itself,  a moving  fan  agitated  the  fiuid,  so  that  its  temperature 
Avas  kept  uniform  duiing  the  experiment.  Lastly,  the  air,  as 
altered  by  the  respiration  of  the  animal,  or  a part  of  it,  the 
rest  then  being  measured,  Av^as  analysed,  in  order  to  determine 
the  quantity  of  carbonic  acid  produced-  It  Avas,  at  that  time, 
erroneously  supposed  that  this  corresponded  exactly  Avith  the 
quantity  of  oxygen  consumed.  Rabbits  or  dogs  Avere  subjected 
to  experiments,  varying  from  an  hour  and  a half  to  tAvo  hours’ 
duration  ; and  the  results  obtained  by  Dulong  and  Despretz, 
shoAved  that  the  amoimt  of  heat  given  off,  Avas  from  to  ^ more 
than  the  quantity  of  carbonic  acid  produced  Avould  account 
for.  In  subsequent  experiments,  made  by  Despretz  alone,  it 
Avas  found  that  from  j to  -j-'g  of  the  heat  Avas  thus  unaccounted 
for. 

The  excess  in  the  heat  actually  produced  by  the  animals 
experimented  on,  was  supposed  to  be  accoimted  for,  by  the 
friction  of  the  heart  and  the  muscles,  by  that  of  the  blood  in 
the  vessels,  by  the  disengagement  of  heat  taking  place  in  the  con- 
version of  fluid  into  solid  matter  in  the  nutrition  of  the  tissues, 
and  by  some  possible  action  of  the  nerves.  It  has,  indeed, 
since  been  shoAvn,  that  heat  is  really  given  out  in  muscular 
contraction.  Nevertheless,  these  supposed  causes  of  animal 
heat  are  not  primary,  but  secondary,  causes.  The  heat  given 
off  in  muscular  contraction,  is  itself  engendered  by  oxidation 
in  the  blood  of  a muscle,  or  in  the  muscle  itself,  during  the 
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so-called  parenchymatous  respiration.  The  heat  produced  by 
mere  friction  in  the  body,  must  have  its  source  in  muscular  con- 
traction, and  this,  as  we  have  just  said,  is  due  to  chemical 
change  or  oxidation.  The  conversion  of  fluid  into  solid  sub- 
stance, in  the  nutrition  of  the  tissues,  is,  as  will  be  presently 
explained,  an  apparent,  and  not  a real,  cause  of  internal  heat ; 
and  lastly,  any  influence  of  the  nervous  system  is  indirect, 
operating  only  by  exciting  organic  processes,  themselves  in- 
volving oxidation. 

The  deficiency  of  heat-producing  power  in  the  quantity  of 
carbonic  acid  given  off  by  the  animals  experimented  upon  by 
Dulong  and  Despretz,  in  comparison  with  the  heat  which  they 
simultaneously  evolved,  may  be  otherwise  accounted  for.  In 
the  first  place,  these  observers  did  not  determine  the  tem- 
perature of  the  animals,  before  and  after  each  experiment, 
which  might  have  shown  some  retention  of  heat.  But  other 
points  are  of  more  moment.  The  modem  researches  of  Favre 
and  Silbermann,  prove  that  the  heat  evolved  by  carbon  in  its 
combustion,  is  greater  than  that  estimated  by  Dulong  and 
Despretz.  It  is  now  known,  that  more  oxygen  is  absorbed  in 
respiration  than  is  returned  in  the  form  of  carbonic  acid,  and 
this  oxygen  doubtless  is  also  combined  in  the  system,  partly 
with  hydrogen,  and  partly  with  sulphitr  and  phosphorus,  in 
either  case  evolving  a certain  amount  of  the  heat  of  chemical 
combination.  The  hydrogen  of  the  carbhydrates,  being 
already  associated  with  oxygen  in  the  proportions  to  form 
water,  is  not  supposed  to  be  able  to  give  out  further  heat ; 
but  some  of  that  contained  in  the  fat  and  albuminoid  bodies, 
must  be  oxidised  in  the  system,  as  was  first  suggested  by 
Bari-al,  though  much  of  the  hydrogen  of  the  nitrogenous  sub- 
stances, appears  in  the  urea.  The  larger  part  of  the  heat  is, 
however,  due  to  the  oxidation  of  carbon  in  the  system.  The 
nitrogen  is  never  oxidised,  but  passes  out  almost  entirely  in 
the  form  of  urea,  and  supplies  no  animal  heat.  Experiments 
have  shoAvn  that  carbon,  in  different  states  of  aggregation,  yields 
slightly  different  quantities  of  heat  in  being  burnt,  wood 
charcoal  giving  out  more  heat  than  the  more  compact  coke. 
The  combination  of  carbon  and  hydrogen,  in  the  animal 
economy,  is  not  like  that  which  occurs  in  artificial  combustion, 
simple  and  direct,  but  complex,  and  marked  by  intermediate  de- 
compositions, and  most  varied  products.  By  many,  it  has  been 
supposed  that  these  conditions  might  modity,  in  some  way.  the 
quantity  of  heat  evolved  ; but  it  seems  more  probable,  that  no 
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number  of  intermediate  stages  of  decomposition,  can  alter  the 
total  quantity  of  heat  given  out ; and  that,  according  to  the 
degree  of  oxidation  which  occurs,  the  same  amount  of  heat  is 
evolved,  whether  this  be  direct  and  rapid,  or  complex  and  slo'sr. 
Such  decompositions  in  the  body,  may  affect  the  amount  of 
heat  evolved  in  particular  organs  or  parts  of  the  system,  as 
in  the  liver,  kidneys,  or  the  muscles  when  in  action;  but 
they  cannot  modify  the  ultimate  or  total  heat  product.  It  has 
even  been  conjectured  that  the  oxygen  of  the  atmosphere  used 
in  respiration,  being  pai'tly  ozonised,  might  evolve  a larger 
amount  of  heat  than  in  ordinary  combustion ; but  the  same 
air  is  employed  in  both  cases. 

The  idea  entertained  by  Dulong  and  Despretz,  that  a balance 
of  heat  might  be  evolved  in  the  conversion  of  fluid  into  solid 
substances  during  the  act  of  nutrition,  has  been  mentioned  as 
fallacious.  If,  indeed,  new  nutrient  matter  be  solidified  in  the 
act  of  deposition,  the  process  of  disintegration  of  tissue,  which 
precedes  or  accompanies  this,  implies  a precisely  similar  amount 
of  liquefaction,  which  would  involve  a disappearance  of  heat.  In 
the  digestive  and  secretory  processes,  too,  the  numerous  acts  of 
liquefaction  imply  absorption  of  heat.  Bertholet  has  recently 
advocated  the  view,  that  molecular  as  well  as  chemical  changes 
in  the  body,  may  give  rise  to  heat.  The  mode  in  which  a par- 
ticular, complex,  organic  compound  splits  up,  may  influence 
the  amount  of  heat  which  it  gives  off,  and,  locally,  this  would 
affect  the  temperature ; but  there  is  a balance  in  these  actions, 
and  the  total  result  is  that  of  simple  change.  Certain  pro- 
cesses of  hydration,  or  the  assumption  and  fixation  of  consti- 
tutional water,  which  are  supposed  by  Bertholet  to  be  con- 
stantly occurring  in  the  system,  and  to  be  the  actual  cause  of 
animal  heat,  may  likewise  produce  local  evolutions  of  heat. 
The  formation  from  starch,  of  sugar,  lactic  acid,  and  oxalic 
acid,  imply  successive  acts  of  hydration,  and  so  perhaps  also 
do  the  changes  of  albumen  into  gelatin,  glycocoll,  creatin, 
creatinin,  and  urea.  But  a certain  quantity  of  oxygen 
actually  disappears  in  the  body,  and  two  of  the  chief  irltimate 
products  of  excretion,  carbonic  acid  and  water,  are  oxidated, 
not  simply  hydrated.  Urea  alone  can  be  considered  such 
a product,  being  of  course  imperfectly  oxidised.  The  sup- 
position, that  hydration  will  explain  the  formation  of  all  the 
animal  heat,  overlooks  the  far  larger  amount  of  heat  evolved 
in  the  ultimate  oxidation  of  the  carbon  and  hydrogen,  which 
leave  the  body  as  carbonic  acid  and  water ; nor  does  it  ex- 
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plain  the  higher  temperature  of  those  animals  which  consume 
a large  quantity  of  carbon  and  hydrogen  in  their  food. 

With  regard  to  the  human  body,  the  estimates  of  Despretz 
were  made  on  the  supposition  that  a ilan,  according  to  his 
weight,  expired  seven  times  as  much  carbonic  acid  as  the  dog 
experimented  on  by  him.  The  quantity  thus  arrived  at,  is 
much  less  than  that  computed  by  all  subsequent  experimenters, 
being  only  equivalent  to  5^  oz.  of  carbon  in  the  24  hours. 
Other  observers  have  estimated  the  daily  excretion  of  carbon, 
in  the  form  of  carbonic  acid,  as  8 or  9 oz.  The  size  and  weight 
of  these  persons,  have  not  been  recorded.  Yierordt's  estimate, 
in  a number  of  individuals  of  different  heights,  ranges  from 
5 to  8 oz.  In  men  of  a mean  height  of  5 feet  9f  inches.  Dr. 
Edward  Smith  estimates  the  quantity  at  upwards  of  7 oz. 
The  calculations  hereafter  given,  for  a person  5 feet  C-^  inches, 
yield  a quantity  somewhat  exceeding  6 oz.  of  carbon  per  day. 
These  results  are  obtained  by  direct  experiments  on  the 
absolute  quantity  of  carbonic  acid  expired  by  animals  or  l\Ian. 
Liebig’s  estimate  is  still  higher : thus,  the  quantity  of  carbon  in 
the  daily  food,  being  determined  on  the  one  hand,  and  that 
contained  in  the  urine  and  intestinal  excretions,  on  the  other, 
the  difference,  which  was  taken  to  represent  the  amount  given 
off  by  the  lungs  and  the  skin  together,  amounted  to  13'9  Hessian 
ounces,  or  to  upwards  of  15  oz.  av.,  of  which  ^ oz.  might  be 
exlialed  from  the  skin,  and  144^  oz.  from  the  lungs.  This  large 
quantity  was  found  in  vigorous  soldiers,  actively  exercised  in 
the  open  air,  and  supplied  with  abundant  food.  In  other  ex- 
amples, viz.  in  prisoners  compelled  to  labour,  the  quantity  was 
about  11-^  oz.  av. ; whilst  in  a prison,  where  no  forced  labour 
was  practised,  it  was  about  9j  oz.  av.  Similarly  estimated,  the 
carbon  expired  daily  by  sailors  in  the  Danish  Xavy,  was  found 
to  be  about  10|-  oz.  av.  (Scharling).  These  results,  taken 
generally,  so  far  confirm  the  chemical  theory  of  animal  heat, 
that  they  nearly  explain  the  deficiency  of  4 or  ^ left  by  tlie 
daily  combustion  of  5^  oz.  of  carbon,  calculated  to  be  elimi- 
nated bv  Despretz  ; the  excess  of  oxygen  absorbed,  which 
rmites  with  hydrogen,  and  to  a small  extent  with  sulphur  and 
phosphorus,  may  explain  the  rest. 

The  chemical  theory  of  the  production  of  animal  heat  by 
oxidation,  is  in  harmony  with  the  fact,  that  increased  respira- 
tion iucrea.ses  the  amount  of  chemical  decomposition  in  the 
body,  and  simultaneously,  the  amount  of  heat  produced. 
Thus,  all  the  conditions  connected  with  age,  sex,  period  of  the 
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day  and  season,  as  well  as  those  relating  to  food,  whether  in 
excess  or  deficiency,  or  whether  absolutely  withdrawn,  as  in 
starvation,  and  to  exercise  (pp.  463-9),  which  increase  the 
activity  of  the  respiration  and  the  amount  of  carbonic  acid 
given  off,  raise  the  temperature  of  the  body ; whereas  all 
those  which  diminish  the  respiratory  actions  and  their  chemi- 
cal products,  lower  that  temperature.  The  relations,  as  to 
respiration  and  temperature,  in  the  lower  animals,  confirm 
this  view.  It  has  been  objected,  that  not  only  the  respiratory 
function,  but  all  the  other  functions  of  the  body,  are  similarly 
modified  under  the  above-named  conditions  ; and  that,  there- 
fore, the  variations  of  temperature  may  be  referable  to  other 
processes,  as  well  as  to  the  respiratory  interchanges.  But 
since  no  function  of  the  body  whatever,  whether  it  be  that  of 
sensation,  the  guidance  of  motion,  motion  itself,  nutrition, 
secretion,  or  any  other  function,  can  be  performed  without 
concomitant  changes  in  the  chemical  molecules  of  the  tissues 
or  organs  concerned,  and  as  all  these  changes  are  but  steps 
or  stages  towards  a more  or  less  complete  oxidation,  so  any 
production  of  heat  by  them,  must  ultimately  be  referred  to 
this  chemical  action.  According  to  any  other  view,  the  heat 
would  be  produced  from  nothing,  or  without  that  accom- 
panying conversion  or  change  in  the  condition  of  force  and 
matter,  which  we  now  know  is  necessary  for  its  production. 

The  Cold-blooded  animals  expire  but  small  quantities  of 
carbonic  acid,  and  their  respiration  is  feeble ; whilst  opposite 
conditions  are  noticeable  in  the  Warm-blooded  animals.  The 
most  active  of  these  latter,  give  off  more  carbonic  acid,  and 
manifest  a higher  temperature,  the  Carnivorous  Mammalia 
being,  in  both  these  respects,  above  the  Herbivorous,  the 
smaller  quadrupeds  above  the  larger  ones,  and,  as  a Class,  the 
Birds  above  the  Mammals.  The  relative  complexity  of  the 
pulmonary  organs,  the  extent  of  the  respiratory  surtace  for  the 
exposure  of  the  blood  in  the  capillaries,  and  the  contrivances 
for  the  more  irequent  renewal  of  air  in  the  air-cells,  keep  pace 
with  the  increase  of  temperature  in  the  animals  themselves. 
In  the  hottest  animals  known,  viz.  Birds,  special  peculiarities 
exist  in  the  air-cells,  and  the  air-cavities  in  the  bones, 
with  which  are  associated  great  force  of  the  heart,  great 
rapidity  of  its  action,  a high  rate  of  motion  of  the  blood  through 
the  capillaries,  a large  number  of  red  blood  corpuscles,  a small 
amount  of  evaporation  from  the  skin,  and  a solid  condition  of 
the  lurinary  excretion,  involving  less  loss  of  heat  in  its  pro- 
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duction  than  if  it  were  fluid.  The  urinary  products  of  Birds, 
are,  moreover,  chiefly  composed  of  urate  of  ammonia,  which 
contains  less  oxygen  than  imea,  so  that  more  of  that  element 
passes  ofF  as  cai'bonic  acid  (J.  Davy). 

The  importance  of  the  relation  between  the  quantity  of  the 
red  corpuscles  in  the  blood,  and  the  temperature  of  the  body,  is 
illustrated  by  the  following  numbers,  which  show  the  quantity 
of  dried  solids  of  the  clot,  in  1,000  parts  of  blood,  in  a series  of 
animals  belonging  to  the  several  Classes  of  the  Yertebrata. 
The  hen,  157T;  the  dog,  123‘8;  the  tortoise,  80;  the  frog,  69; 
and  the  eel,  60  parts  in  1,000  (Prevost,  Dumas,  J.  Marshall). 

Animal  heat  being  regarded  as  the  re.sult  of  a process  of 
oxidation,  the  small  amount  generated  by  the  Cold-blooded 
animals,  may  be  supposed  to  be  derived  from  the  metamor- 
])hosis  of  their  own  tissues  or  blood.  The  same  may  be  true 
as  regards  the  large  Carnivorous  animals,  the  active  habits 
of  which,  in  high  external  temperatures,  may  furnish  sufficient 
oxidisable  material  in  the  metamorphosed  blood  and  mus- 
cular and  nervous  tissues,  to  maintain  the  temperature  of  their 
bodies  ; but  Carnivorous  animals  consume  also  large  quantities 
of  fat,  proportionate,  it  may  be  remarked,  to  the  coldness  of  the 
chmate  in  which  they  live.  In  warm  climates,  iMan  also  might 
thus  sustain  his  temperature ; but  in  colder  regions,  where 
the  loss  of  heat  from  the  body  is  more  rapid,  Man,  like  the 
Herbivora,  whose  habits  are  inactive,  must  rely  upon  food  also, 
as  one  source  of  oxidisable  material ; and  like  them,  upon  food 
containing  more  carbon  and  hydrogen,  and  proportionally  less 
nitrogen.  In  different  persons,  and  in  different  seasons  and 
climates,  the  extent  to  which  carbonaceous  and  hydrogenous 
food  is  relied  on,  as  a source  of  combustible  material,  may 
vary.  An  elevation  of  the  external  temperature,  will  lessen 
the  amount  of  oxidised  food ; whilst  the  opposite  condition 
increases  it.  The  excess  of  carbonic  acid  exhaled  in  cold 
seasons,  can  only  be  accounted  for,  by  its  proceeding  from  the 
greater  quantity  of  food  then  consumed.  On  these  principles 
may  be  explained  the  fact,  that  no  one  dietary  is  economically 
adapted  to  all  constitutions,  occupations,  habits,  races,  seasons, 
or  climates  ; hence  the  laboui’er  requires  a different  diet  to  the 
sedentary  student,  and  the  native  of  the  tropics  different  food 
to  the  Laplander. 
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Influence  of  the  Nervous  Sjjstem  in  the  production  of  Animal 
Heat. 

This  was  formerly  greatly  exaggerated,  and  was  attributed 
to  some  direct  action  of  the  so-called  nervous  force.  Many 
researches  rrpon  animals,  have  shown  that  injuries  to  the  brain, 
whether  by  sections,  or  by  the  administration  of  narcotics, 
are  followed  by  a lowering  of  the  temperature  of  the  body 
(Brodie,  LegaUois,  Wilson  Philip,  Hastings,  C.  Williams,  and 
Chossat). 

In  paralysis  from  cerebral  disease  in  Man,  the  paralysed 
limbs  are  usually  of  lower  temperature  than  the  sound  limbs, 
the  difference  sometimes  being  as  much  as  7°.  On  the  other 
hand,  an  elevation  of  temperature  in  certain  regions,  may 
follow  local  injuries  of  the  nervous  system.  Thus,  when  the 
spinal  cord  is  divided  in  the  middle  of  the  back,  in  a Warm- 
blooded animal,  the  lower  half  of  the  body  may  become 
warmer,  and  remain  so  for  some  time.  In  complete  paralysis 
of  the  lower  half  of  the  body,  in  Man,  from  injury  of  the 
cord,  a similar  increase  of  heat  has  been  observed  in  the 
groin,  viz.  111°  (Brodie).  Besides  these  facts,  there  are 
many  Avhich  show,  that  general  depressing  causes  acting  on 
the  nervous  system,  lower  the  temperature,  whilst  excited 
conditions  of  that  system  are  accompanied  by  increased 
animal  heat,  for  example,  exhaustion  or  fear  on  the  one  hand, 
and  strength  or  passion  on  the  other.  In  the  last  instances, 
the  influence  of  the  nervous  system  is  plainly  indirect,  and 
must  be  attributed  to  a corresponding  diminution  or  increase 
of  the  pulse  and  respiratory  acts.  The  ultimate  influence  of 
alcohol,  in  raising  the  temperature  of  the  body,  may  also  be 
partly  due  to  its  specific  stimulating  effect  on  the  nervous 
system,  and  through  it,  on  the  heart  and  respiratory  organs ; 
but  it  may  also  yield  a ready  fuel  or  combustible  substance, 
easily  absorbed  into  the  .system,  and  easily  oxidised  in  it; 
these  two  last-named  qualities  may  account  for  its  great  use 
in  cases  of  exhaustion  from  fevers.  Again,  when  the  sympa- 
thetic nerve  is  divided  in  the  neck  of  an  animal,  or  its  chief 
cervical  ganghon  is  removed,  the  temperature  of  the  whole  of 
that  side  of  the  face,  may  rise  even  as  high  as  11°  above  its 
normal  standard;  and  this  may  continue  for  months  with 
increased  sensibility,  and  increased  colour  from  vascular 
congestion.  In  such  a case,  when  the  distal  end  of  the  cut 
nerve  is  galvanised,  the  temperature  for  a time  falls  (Bernard). 
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The  elevation  of  local  temperature,  is  also  believed  to  be  an 
indirect  effect,  and  to  depend  on  an  increase  in  the  flow  of 
blood  to  the  part,  consequent  upon  a relaxation  of  the  walls  of 
the  smaller  arteries,  owing  to  the  loss  of  controlling  power  on 
the  part  of  the  vasi-niotor  nerves  (vol.  i.  p.  389).  Serious 
injury  or  disease  of  the  spinal  cord,  may  act  in  the  same  way, 
because  the  sympathetic  system  has  connections  with,  or 
origins  in,  it  (vol.  i.  p.  391).  The  lowering  of  the  temperature 
after  destruction  of  the  brain,  which  continues  in  spite  of 
artificial  respiration, — not  performed  too  rapidly,  so  as  to  cool 
the  animal  by  that  very  process  (Brodie),  but  more  slowly 
(Wilson  Philip  and  Williams), — has  also  been,  of  late,  most 
frequently  attributed  to  the  loss  of  some  indirect  influ- 
ence of  the  nervous  system,  over  the  strictly  chenucal  heat- 
producing  changes  in  the  system,  whether  of  respiration,  nutri- 
tion, or  secretion.  Lastly,  it  has  been  suggested  that  heat  may 
be  directly  produced  in  the  nervous  substance  itself,  owing 
to  the  rapid  metamorphoses  to  which  it  seems  liable,  in  its 
healthy  and  active  condition,  or  else  to  some  transformation  or 
passage  of  its  ordinary  force  or  mode  of  action,  into  a calorific 
action  producing  heat,  in  the  same  manner  as,  in  the  electric 
fish,  it  may  be  converted  into  electricity  (Carpenter).  The 
nervous  substance  must  be  decomposed  in  all  cases  in  which 
it  is  in  action,  especially  during  exercise,  when  it  controls  the 
muscular  movements  ; much  movement  always  produces  heat. 
In  such  instances,  and  also  in  psychical  acts,  the  nervous 
substance  is  directly  oxidated ; so  that  ultimately,  the  animal 
heat  evolved,  is  the  result  of  chemical  action. 

That  the  nervous  system  is  not  essential  to  the  production 
of  heat  in  living  organisms,  seems  to  be  shown  by  the  facts, 
that  in  many  of  the  lower  animals,  no  traces  of  a nen'ous 
system  have  yet  been  discovered,  and,  that  in  certain  pro- 
cesses of  vegetable  life,  as  in  the  fertilisation  of  the  ovule  and 
in  the  commencing  stages  of  germination,  heat  is  also  evolved. 
When,  however,  in  animals,  that  system  is  present,  it  is  en- 
dowed with  such  power  of  conti’ol  over  all  the  functions  gene- 
rally, and  exhibits  such  innate  activity,  that  it  deteimines  and 
excites  waste  in  other  tissues,  and  undergoes  waste  in  its  own, 
thus  indirectly  or  directly  contifibuting  to  the  production  ol 
animal  heat. 
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Uses  of  Animal  Heat. 

The  modes  in  which  the  heat  of  the  body,  is  expended,  are 
several.  First,  it  supplies  the  constant  loss  of  heat  from  the  body, 
by  radiation  and  conduction  to  the  clothes  or  other  surround- 
ing objects  or  media,  when,  as  is  usual,  these  are  cooler  than  the 
body.  It  also  liu-nishes  the  heat  necessary  to  vaporise  the 
water  of  the  cutaneous  and  pulmonary  exhalations  ; it  warms 
the  air  expired  from  the  lungs ; it  heats  the  secretions  as  well 
as  the  body  itself ; and,  lastly,  it  warms  the  food  and  drink 
taken  into  the  body,  when  these  are  cooler  than  the  internal 
organs,  and  aids  in  the  solution  of  digestible  substances,  and 
in  their  metamorphosis  for  the  purposes  of  absorption.  Of 
100  parts  of  heat  given  off  by  the  body,  72'9  are  lost  by 
radiation  from  the  surface,  14'5  by  evaporation  from  the  skin, 
7'2  by  evaporation  from  the  lungs,  3'5  from  warming  the  air 
used  in  respiration,  and  1'8  by  the  ludne  and  solid  excreta. 

As  the  standard  of  temperature  remains  constant  within  2° 
or  3°,  between  hot  and  cold  seasons,  and  tropical  and  arctic 
climates,  the  quantity  produced  in  the  body,  depends  on  the 
external  temperature,  and  must  be  greater  in  cold  climates,  in 
which  the  loss  is  greater,  than  in  warm  climates.  The  amount 
required  to  be  produced,  is  also  modified  by  the  degree  of  pro- 
tection of  the  body,  either  by  shelter  or  clothing. 

Hybernation. 

Amongst  the  most  remarkable  phenomena  presented  by  animal  life, 
in  the  temperate  and  cold  regions  of  the  earth,  are  those  which  are 
known  under  the  name  of  hybernation.  During  the  winter  season,  a 
few  Mammalia  retire  into  burrows  or  other  shelter,  and  there,  either 
under  the  influence  of  the  low  temperature,  or  guided  by  an  inherent 
instinct  or  an  acquired  feeling,  pass  into  a condition  of  torpor  much 
more  profound  than  ordinary  sleep.  The  marmot,  dormouse,  and  hedge- 
hog, are  the  most  familiar  examples  of  this  hybernation  in  the  Mam- 
malia. It  is  remarkable  that  no  Birds  are  known  to  hybernate,  the 
belief  once  prevalent  that  swallows  retired  to  the  bottom  of  ponds  to 
hybernate,  being  erroneous.  Amongst  Reptiles,  both  serpents  and  snakes, 
as  well  as  land-tortoises,  hybernate  ; and  in  the  Amphibia,  the  frogs  and 
newts.  Both  serpents  and  frogs  have  been  kept  in  this  condition,  by 
artificial  cold,  for  three  years.  Hybernation  in  Fishes,  is  not  knovm,  unless 
it  be  compulsory  from  freezing  of  the  water.  Of  the  Ron-vertebrate 
animals,  only  terrestrial  Species  are  known  properly  to  hybernate,  such 
as  the  land-snails  and  slugs  amongst  the  Mollusca,  and  the  chrysalides  of 
certain  Insects,  which  pass  through  a winter,  before  they  change  into  the 
imago  state.  Even  in  the  Protozoa,  examples  are  met  with,  of  a winter 
state  or  condition,  in  which  those  animals  undergo  the  process  known  as 
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encystation,  so  called  because  in  it,  they  surround  themselves  uith  a 
protective  cyst,  in  which  they  remain  dormant,  until  the  return  of  warmth 
induces  peculiar  changes  in  them,  for  the  reproduction  of  new  animals. 

The  condition  of  partial  hybernation  manifested  by  certain  animals, 
which  collect  a store  of  winter  food,  such  as  the  beaver  and  others,  is 
named  spurious  hybernation.  In  this  state,  the  circulation  and  respira- 
tion are  not  so  diminished  in  activity,  nor  the  temperature  so  reduc^,  as 
in  true  hybernation  ; for  though  the  animals  sleep  much,  they,  from  time 
to  time,  arouse  themselves  to  take  food. 

In  the  true  hybernating  Warm-blooded  animal,  not  only  the  nervous 
and  muscular  systems  are  quiescent,  but  digestion  entirely  ceases,  no 
food  being  taken.  The  circulation  is  very  slow  ; the  respiratory  move- 
ments are  almost,  or  according  to  some,  completely,  arrested ; the 
interchange  of  oxygen  and  carbonic  acid  in  the  air-passages,  can  take 
place  by  diffusion  only ; the  absorption  of  oxj'gen  and  the  evolution  of 
carbonic  acid,  are  very  slight,  and  the  animal  heat  accordingly  sinks  ; so 
that,  without  protection  from  the  cold  of  the  ivinter  season,  the  animal 
would  die.  The  respiration  which  continues,  is  supported  by  a store  of 
fat,  which  serves  as  fuel  during  the  dormant  state ; when  the  creature  is 
roused  from  this  condition,  by  any  irritation,  by  heat,  or  by  great  cold, 
distinct  respiratory  movements  take  place,  the  heart's  beats  are  quick- 
ened, and  it  manifests  increased  activity.  K the  animal  be  aroused  by 
extreme  cold,  it  soon  becomes  still  more  torpid,  and  may  even  die  if  the 
low  temperature  be  long  continued.  If  excited  too  completely  by  warmth, 
it  is  also  apt  to  die,  unless  provided  with  suitable  food,  and  carefully 
maintained  at  a moderate  temperature.  The  suspension  of  animation 
in  Eeptiles  and  Amphibia,  is  still  more  complete  ; but  probably  even  here 
some  ^^tal  action  goes  on.  In  many  instances,  in  the  lower  !Mon-verte- 
brate  animals,  it  is  probable  that  all  the  organic  processes  are,  for  a time, 
completely  suspended,  as,  e.g.  when  thej'  are  almost  frozen,  or  first  dried 
and  then  frozen. 

In  the  Animal  Kingdom,  considered  generally,  we  observe  that  a high 
temperature  of  the  body,  not  only  increases  the  activity  of  the  various 
functions,  but  that  this  very  activitj’  produces,  in  its  turn,  a demand  for 
increased  respiration,  and  so  engenders  an  increased  amount  of  animal 
heat.  In  the  case  of  Cold-blooded  animals,  also,  an  elevation  of  the  tem- 
perature of  their  bodies,  by  external  heat,  increases  their  activity  and 
their  demand  for  increased  respiration  ; and,  accordingly,  it  is  found  that 
in  Eeptiles  more  carbonic  acid  is  given  off  in  high  temperatures,  a result 
opposite  to  that  which  takes  place  in  Warm-blooded  animals,  and  in  Man. 
The  respiration  of  AVarm-blooded  and  Cold-blooded  animals  is  said  also 
to  differ,  if  not  absolutely,  at  least  relatively,  in  this  particular ; that  it 
is  only  in  the  Warm-blooded  creatm’es,  that  some  portion  of  the  food, 
when  absorbed  into  the  blood,  is  devoted  at  once  to  respiratory  pur- 
poses, forming,  as  it  were,  fuel  immediately  destined  for  the  production  of 
heat  by  oxidation,  without  having  previously  entered  into  the  tissues ; 
whereas  in  the  Cold-blooded  animals,  the  tissues  only,  and  not  the  food 
merel}’  assimilated  into  the  blood,  except  perhaps  in  exceptional  oases, 
and  then  in  a far  lower  degree,  are  oxidated,  and  so  produce  a small 
amoxmt  of  animal  heat.  In  the  AVarm-blooded  animals  the  blood  cor- 
puscles are  much  more  numerous,  and  the  quantity  of  carbonic  acid 
excreted  is  much  greater,  than  in  the  Cold-blooded  species. 
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Spontaneous  Combustion. 

The  highest  natural  temperature  attained,  in  the  healthy- 
state,  by  any  animal,  is  that  noticed  in  the  s-wallow,  about  111°  ; 
the  highest  temperattu-e  observed  in  the  healthy  human  body, 
is  102°;  and  in  disease,  111°.  Moreover,  experiments  have 
shown  that  an  increase  of  13°  in  the  temperature  of  the  body 
of  one  of  the  Mammalia,  is  fatal.  It  is  obvious  that  the  highest 
of  these  temperatures,  is  entirely  inadequate  to  set  on  fire  the 
animal  tissues ; it  is  even  insufficient  to  inflame  the  vapour  of 
alcohol.  It  is,  therefore,  impossible  to  believe  that  the  body  of  a 
drunkard,  whose  blood  and  tissues  may  even  be  supposed  to  be 
saturated  with  alcohol,  or  with  some  of  the  products  of  its  de- 
composition, corxld  spontaneously  bum ; for  the  temperature  of 
ignition  of  the  tissues,  or  of  such  compounds,  is  much  higher. 

Of  the  so-caUed  cases  of  spontaneous  combustion,  not  one 
has  actually  been  seen  to  happen.  Naturally,  no  eye-witness 
is  present,  but  the  more  or  less  consumed  body  is  found ; and 
such  occurrences  usually  take  place  in  persons  addicted,  dur- 
ing their  life,  to  habits  of  intoxication.  The  event  is  rendered 
marvellous  by  the  supposition  of  a spontaneous  process  of 
combustion.  Of  the  possibility  of  burning  the  dead  body  with 
a due  amoimt  of  heat,  or  even  of  parts  of  the  body  before  life 
in  the  remainder  of  it,  is  entirely  extinct,  there  is  no  doubt, 
the  sensibility  being  supposed  to  be  deadened  by  excessive 
alcoholism.  But  the  heat,  necessary  for  this  combustion,  is  far 
greater  than  is  generally  supposed.  It  is  extremely  difficult 
to  burn  a dead  body.  That  the  presence  of  alcohol  in  the 
blood  and  tissues,  would  increase  the  inflammability  of  the 
dead  or  dying  body,  is  possible.  The  commencement  of  the 
combustion,  is  clearly  to  be  looked  for  in  external,  not  in 
internal,  causes.  In  all  recorded  instances,  these  cases  have 
happened  either  in  the  night,  or  at  other  times  when  fire, 
candles,  or  matches  were  present,  or  might  be  supposed  to  be 
present ; for  frequently  the  evidence  of  this  may  be  destroyed 
by  the  spread  of  the  combustion  itself.  On  the  whole,  it  is 
rational  to  conclude,  more  especially  as  habitual  drunkards  are 
incapable  of  exercising  care  in  regard  to  these  sources  of 
danger,  that  they  have  themselves,  in  a state  of  intoxication, 
set  fire,  in  falling  or  otherwise,  to  their  clothes  or  other  com- 
bustible materials,  or  that  they  have  been  reached  by  flames 
otherwise  occasioned  by  the  falling  of  candles,  or  by  the 
emission  of  sparks  from  the  fire.  It  is  significant  that  no  case 
of  spontaneous  combustion,  has  ever  happened  in  an  animal. 
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EVOLUTION  CF  LIGHT. 

A few  examples  are  on  record,  of  the  evolution  of  light  from 
certain  excretions  or  discharges  from  the  living  human  body  ; 
but  most  of  these  instances  have  been  observed  in  diseased 
and  dying  persons.  The  perspiration  after  violent  exercise, 
in  one  case,  and  the  urinary  excretion  in  several  instances,  have 
been  seen  to  display  a decided  luminosity  ; in  the  former  case, 
the  luminous  matter  being  even  transferable  to  the  clothing.  In 
three  instances  of  persons  in  the  last  stage  of  phthisis,  a light, 
owing  apparently  to  luminous  breath,  has  been  noticed  playing 
about  the  features ; the  surface  of  a cancerous  ulcer  is  also  said 
to  have  exhibited  a similar  appearance.  In  these  cases,  the 
light  is  supposed  to  proceed  from  the  slow  oxidation  of  phos- 
phorus or  of  some  phosphuretted  compound,  resulting  from  the 
incipient  decomposition  of  the  excretions,  or  from  their  contain- 
ing some  imperfectly  oxidised  compound  of  phosphorus,  which 
had  accumulated  in  the  blood,  and  become  eliminated  in  those 
fluids,  but  which  ivould  ordinarily  be  throvm  off,  in  the  shape 
of  alkaline  or  earthy  phosphates.  Phosphorus  dissolved  in  oil, 
injected  into  the  veins  of  a dog  (p.  444),  produces  a luminous 
condition  of  the  breath  ; and  a luminous  state  of  the  urine  has 
been  observed  in  men  who  have  taken  phosphorus  medi- 
cinally. It  has  been  suggested  that,  as  a large  number  of  the 
cases  of  luminous  breath  in  men,  have  occurred  in  persons 
addicted  to  excessive  drinking,  certain  bodies,  derived  from  the 
decomposition  of  alcohol,  may  impede  the  proper  oxidation  of 
the  phosphuretted  compounds,  Avhich  then  escape  in  the  breath 
or  other  excretions.  It  is  even  presumed  that  the  presence  of 
such  compounds  in  the  blood,  may  impart  an  unusual  degree  of 
combustibility  to  the  body.  But  the  known  compounds  deri- 
vable from  alcohol,  even  aldehyde,  are  not  so  readily  oxidisable 
as  the  imperfectly  oxidised  compounds  of  phosphorus.  This 
explanation  is  therefore  speculative ; and  the  so-caUed  cases 
of  spontaneous  combustion  of  the  bodies  of  intemperate  per- 
sons, as  just  stated,  are  unfounded,  and  capable  of  explanation 
on  other  and  simpler  grounds. 

Dead  animal  matter  is  frequently  luminovs  ox  phosphorescent. 
The  surfaces  of  the  muscles  and  other  soft  parts  of  bodies 
undergoing  dissection  in  anatomical  schools,  have  sometimes 
been  seen  to  emit  a brilliant  light ; and  luminous  exhalations 
from  graveyards,  especially  from  the  recently  exposed  soil, 
have  not  unlrequently  been  observed.  The  remains  of  de- 
caying animal  matter  generally,  may  also  become  phosphores- 
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cent ; but  this  more  particularly  happens  in  the  case  of 
marine  Fishes  and  the  marine  Mollusca,  Crustacea,  and  Coelente- 
rata.  This  is  also  at  present  attributed  to  a true  phosphores- 
cence, some  imperfectly  oxidised phosphuretted  compound  being 
supposed  to  be  the  result  of  an  incipient  stage  of  decomposition. 
It  disappears  on  the  occurrence  of  actual  putrefaction. 

The  warm-blooded  Vertebrata  apparently  possess  even  less  power  than 
Man,  of  evolving  light  from  the  living  body,  or  authentic  cases  of  such  an 
event,  would  have  been  recorded.  The  light  seen  in  the  eyes  of  the  cat 
and  other  creatures,  in  the  dark,  is  merely  a reflection  from  the  iridescent 
portion  of  the  choroid  coat  within  the  eyeball.  Amongst  the  cold- 
blooded Vertebrata,  the  grey  lizard  is  said  to  deposit  eggs  which  are 
sometimes  luminous ; and  a species  of  frog  in  Surinam,  is  described  as 
emitting  light,  especially  from  the  mouth.  Certain  cases  of  luminosity 
amongst  marine  Fishes,  may  be  owing  to  the  agitation  and  percussion  of 
smaller  luminous  animals  in  the  water ; but  a marine  species  of  Scopelus, 
allied  to  the  Salmonida,  is  said  to  emit  stars  of  light  from  the  body 
and  head ; it  is  in  one  of  these  fishes,  that  Leuckart  has  recently  described 
scattered  organs,  containing  lens-like  bodies,  which  are  regarded  by  him 
as  eyes  (vol.  i.  p.  GOT).  These  may  be  light-reflecting  organs. 

The  most  remarkable  and  characteristic  examples  of  the  emission  of 
light  from  the  living  animal  body,  occur  amongst  the  Non-vertebrate 
creatures.  Some  of  these  are  met  with  in  air-breathing  animals.  Thus 
amongst  the  Annulosa,  two  families  of  Coleopterous  insects  or  beetles, 
viz.,  the  Elaterida  and  Lampyrida,  furnish  us  with  the  well-known 
examples  of  the  fire-flies  and  glow-worms.  The  fire-flies  proper  to  hot 
climates,  give  out  a very  brilliant  light  from  two  spots,  one  on  each  side 
of  the  thorax,  and  from  a third  on  the  under  side  of  the  same  part;  the 
light  is  present  in  both  sexes.  In  the  glow-worms,  however,  the  light 
is  softer,  and  though  observed  in  the  male,  and,  even  more  feebly,  in  the 
chrysalis,  in  the  larvae,  and  in  the  egg,  it  is  decidedly  more  striking  in 
the  female  ; it  is  also  chiefly  observed  at  particular  seasons.  It  proceeds 
from  the  under  side  of  the  three  last  segments  of  the  abdomen.  Exa- 
mined under  high  magnifying  powers,  the  luminous  patches  are  seen  to 
consist  of  little  sacs,  containing  a yellowish  granular  matter,  which  is 
the  luminous  substance.  These  sacs  are  closed  by  horny  lids,  having 
peculiar  flat  surfaces,  suited  to  the  diffusion  of  the  light ; the  gramdar 
matter  and  sacs  are  traversed  by  numerous  air-tubes,  or  trache*.  The 
light  is  given  out,  even  after  the  segments  are  removed  from  the  rest 
of  the  body,  and  luminous  streaks  may  be  produced  by  rubbing  the 
yellow  matter  between  the  fingers.  There  seems  no  doubt  that  the 
cause  of  the  luminosity,  is  the  feeble  combustion  of  some  organic  com- 
pound excreted  by  the  animal.  It  is  said,  however,  not  to  contain  phos- 
phorus in  any  appreciable  cpiantity,  and  the  product  of  its  combustion 
is  carbonic  acid  (Matteucci).  Other  alleged  instances  of  luminous 
winged  Insects,  are  doubtful.  Amongst  the  Annidosa,  some  Centipedes, 
and,  under  certain  circumstances,  the  common  earth-worm,  also  present 
examples  of  luminosity.  Amongst  the  Mollusca,  there  are  luminous 
air-breathing  Gasteropods. 

By  far  the  larger  number  of  luminous  Non-vertebrate  animals,  is 
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found  amongst  the  aquatic  breathers,  and  exclusively,  perhaps,  amongst 
the  marine  species.  Of  the  Molluscous  marine  animals,  the  Cephalo- 
dopous  Octopus,  the  Pteropodous  Cleodora,  and  the  Lamellibranehiate 
Pholas,  exhibit  luminosity.  Many  Molluscoid  animals,  but  especially  the 
Tunicated  Salpida  and  Pyrosomida,  are  eminently  distinguished  for  this 
property.  Again,  many  minute  marine  Crustacea  appear  like  little  lumi- 
nous specks  in  glasses  of  sea-tvater,  especially  tvhen  this  is  agitated  ; and 
they  are  even  discernible  in  the  stomachs  of  larger  Molluscoid  animals, 
tvhich  feed  upon  them.  Some  of  the  marine  Annelida  are  distinguished 
by  being  able  to  emit  sudden  scintillations  of  light  along  the  body, 
which  may  be  repeatedly  excited  by  mechanical  irritation.  It  has  been 
suggested  that,  in  these  cases,  the  light  may  be  excited  through  nervous 
agency,  which  may  possibly  undergo  conversion  into  light  (Carpenter). 
Amongst  the  Annuloid  animals,  certain  Star-fishes  are  said  to  be  lumi- 
nous. But  the  Coelenterata  yield  the  largest  number  of  luminous 
marine  creatures,  especiallj'  the  Acalephse  and  the  Hydroid  Polyps,  such 
as  Pennatula  and  others.  Lastly,  a minute  jelly-like  creature,  formerly 
assigned  to  the  group  Acalephse,  amongst  the  Coelenterata.  but  now 
classed  amongst  the  Protozoa,  by  some  as  a Khizopod,  but  by  others  as 
a peculiar  and  gigantic  Infusorial  animalcule  (Huxley),  the  NoctUuca 
miliaris,  is  the  most  common  of  all  light-giving  creatures  in  the  tem- 
perate oceans,  and  is  the  chief  cause  of  the  luminous  nocturnal  appear- 
ance in  our  Northern  Seas.  In  the  Tropics,  the  phenomenon  is  much 
more  striking  and  brilliant,  and  depends  upon  a greater  variety  of 
animals,  especially  upon  the  Medus®  and  the  Hydroid  Polyps. 

The  luminosity  of  these  various  marine  animals,  is  said  to  depend 
upon  a mucous  secretion  from  their  integument,  which  will  even  impart 
luminosity  to  water  or  milk,  tvith  which  it  is  mixed.  The  so-called 
phosphorescence  is  always  more  marked  in  warm  than  in  cold  climates : 
it  is  increased  by  moderate  elevation  of  the  temperature  of  the  water, 
and,  most  remarkably,  by  brisk  agitation  of  the  fiuid,  either  because  the 
secretion  is  detached  from  the  animals,  or  simply  owing  to  their  excite- 
ment. The  light  is  extinguished  by  extremes  of  either  heat  or  cold ; it 
disappears  in  vacuo,  and  is  restored  on  renewed  exposure  to  air : it  is 
rendered  more  vivid  by  various  stimulating  substances,  if  moderately 
used,  and  also  by  electricity ; but  it  is  extinguished  by  the  excessive 
employment  of  these,  and  especially^  by  such  vapours  as  those  of  ether 
and  chloroform,  which  would  interfere  with  oxygenation.  Oxygen 
increases  and  maintains  the  phosphorescence  ; carbonic  acid  first  excites, 
and  then  destroys  the  luminous  property ; sulphuretted  hydrogen  almost 
instantly  arrests  it.  The  luminosity  may  continue  for  a time  after 
death,  unless  this  has  been  produced  by  some  specially  poisonous  sub- 
stance. It  entirely  ceases  as  soon  as  putrefaction  begins. 

From  the  preceding  facts,  it  is  obvious  that  the  luminosity  of  animals 
is  owing  to  some  living  action,  and  not  to  decomposition. 

Its  use  is  by’  no  means  understood.  The  supposition  that  it  serves 
occasionally  to  guide  one  sex  to  the  other,  affords  a very  partial  explana- 
tion of  the  facts  ; for  it  does  not  apply  to  the  cases  of  the  multitudes  of 
hermaplirodite  marine  luminous  animals.  It  may  conduce  to  their  de- 
struction, by  assisting  other  animals  in  seeking  themas  food;  or  it  may 
serve  to  illuminate  deep  waters.  But  this  curious  phenomenon  affords  a 
good  example  of  the  imperfection  of  our  knowledge  of  final  causes. 
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In  the  glow-Tvorm,  it  appears  not  to  be  phosphorus,  but  some  carhon- 
compound,  which  produces  the  light.  Even  in  the  case  of  the  numerous 
marine  luminous  animals,  it  is  not  proved  that  the  light  is  owing  to  the 
slow  oxidation  of  a phosphuretted  substance.  This,  however,  seems 
more  probable  in  the  case  of  animals  living  in  water,  in  which  the 
luminous  oxidation  of  a phosphuretted  body,  is  more  conceivable  than 
that  of  a hydro-carbonaceous  substance.  It  is  possible  that  some,  at 
least,  of  the  feeble  light  exhibited  in  these  phenomena,  or  its  intensi- 
fication, is  due  to  fluorescence  developed  in  a high  degree ; fluorescent 
substances  certainly  exist  in  living  animals.  The  term  phosphorescence 
must  be  regarded  as  descriptive  and  provisional  only,  for  the  light  may 
not  depend,  in  any  case,  upon  the  oxidation  of  a phosphuretted  compound. 

The  evolution  of  light  from  these  animals,  as  a normal  phenomenon, 
and  that  from  the  human  body,  as  an  occasional  or  morbid  occurrence, 
must  be  accompanied  by  chemical  change,  in  which  the  chemical  energy 
passes  into  the  form  of  light.  The  photic  work  of  the  animal  body,  must 
therefore  depend  on  the  chemical  energy  evolved  by  it.  But  the 
quantity  of  matter  subjected  to  change  in  its  production,  is  very  small. 

EVOLUTION  OF  ELECTRICITY. 

The  electric  cm-reuts  constantly  present  in  the  living  nervous 
and  muscular  tissues,  and  the  common  electric  current  present 
in  the  entire  human  body,  and  in  the  bodies  of  the  lower  animals 
generally,  especially  noticeable  in  the  frog,  have  been  else- 
where mentioned  (vol.  i.  pp.  166,  281).  This  common  current 
usually  passes  from  the  lower  extremities  to  the  head  of  an 
animal ; but  in  the  upper  limbs  of  the  human  body,  it  is  said  to 
be  directed  from  the  shoulder  to  the  fingers.  Electric  currents 
have  also  been  detected  upon  different  secreting  surfaces  and 
glands,  and  even  between  a secreting  membrane  and  the  veins 
returning  from  it.  These  phenomena  cease  with  the  life  of 
the  animal  experimented  upon.  The  direction  of  these  cur- 
rents, is  shown  by  delicate  galvanometers.  Thus,  currents  pass 
from  the  venous  blood,  which  is  positive,  to  the  gland  or  se-: 
creting  surface,  which  is  negative ; no  current  passes  betw'een  a 
gland  and  the  arterial  blood.  Arterial  bloodis  said  to  be  positive, 
as  compared  with  venous  blood  (Scoutetten).  Between  the 
corresponding  points  of  the  two  sides  of  the  body,  or  of  opposite 
limbs,  no  electric  currents  are  ordinarily  found;  but  they  occur 
between  non-correspondent  points,  and  even  between  corre- 
sponding points,  if  there  is  a difference  ivith  respect  to  their 
nutritive  activity,  as  when  one  limb  is  at  rest,  and  the  other  in 
motion,  or  as  when  one  limb  is  more  or  less  inflamed  (Matteucci, 
Du  Bois-Eeymond).  The  electricity  of  the  human  body  under 
ordinary  circumstances,  is  rapidly  conducted  tfom  it,  and  thus 
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an  equilibriiim  is  maintained  with  respect  to  surrounding  media. 
But  when  the  body  is  insulated,  its  proper  electric  state  is 
speedily  manifested,  either  Avhen  it  is  brought  into  contact  Avith 
non-insulated  bodies,  the  gaBanometer  intervening,  or  Avhen 
tAvo  insidated  persons  are  connected  AA’ith  the  gaBanometer,  or 
touch  each  other.  Thus  examined,  the  electric  condition  of 
men  is  usually  po.sitive,  that  of  Avomen  is  said  more  frequently 
to  be  negative.  Sanguine  and  irritable  persons  exhibit  a more 
active  electric  condition,  than  others.  It  is  Avell  hnoA\Ti  that 
electricity  is  sometimes  developed  in  the  body,  by  friction,  or 
by  the  rapid  removal  of  stockings,  especially  silk  ones,  or  of 
other  articles  of  dress  Avhich  fit  closely  to  the  skin.  This  phe- 
nomenon is  accompanied  by  slight  crackling  noises,  and  eA’en 
by  sparks,  especially  in  dry  weather,  dry  air  being  a better 
non-conductor  than  moist,  and  so  preventing  the  escape  of  the 
electricity  of  the  body.  Eemarkable  and  exceptional  instances 
of  the  accumulation  of  electricity  in  the  human  body,  are  on 
record,  in  Avhich,  if  the  per.son  Avere  only  moderately  insulated, 
sparks  could  readily  be  drawn  from  any  part  of  the  body. 

The  total  quantity  of  electricity  developed  in  the  body,  must 
be  very  large ; but  OAving  to  the  quantity  of  Avater  in  the 
tissues,  to  the  high  conditcting  poAver  of  that  fluid,  and  to  the 
absence  of  arrangements  calculated  to  insulate  the  electric 
currents,  the  electricity  passes  as  soon  as  it  is  generated,  into  a 
state  of  equilibrium,  hloreover,  this  animal  electricity  speedily 
acquires  a condition  of  equilibrium,  as  regards  neighbouring 
objects  and  media  ; and  it  is  only  AA'hen  the  body  is  more  or 
less  perfectly  insulated,  that  other  than  static  cmrrents  can  be 
detected  in  it. 

Similar  electric  currents  exist  in  all  "VYami -blooded  Tertebrata.  and 
are  probably  universal  in  the  Cold-blooded  Tertebrata.  In  the  frog, 
they  are  remarkably  strong,  and  the  animal  itself,  so  far  as  its  muscular 
system  is  concerned,  and  probably  also  as  regards  its  nervous  system,  is 
peculiarly  susceptible  to  electric  influences. 

It  is  amongst  the  Cold-blooded  Tertebrata  only,  and  in  the  loAvest  Class 
of  these,  viz.,  in  Fishes,  that  the  singular  poAver  exists,  of  generating 
and  accumulating,  Avithin  certain  organs,  a large  amount  of  electricity 
which  can  be  discharged  from  the  body,  in  the  form  of  a shock,  either  in- 
voluntarily or,  apparently  also,  at  the  will  of  the  animal.  Electric  fishes 
are  found  in  almost  all  climates  : but  they  belong  to  different  genera. 
There  are  eight  species  known  at  present  to  possess  this  power.  Of 
these,  fitm  are  marine ; three  of  these  are  Torpedoes,  belonging  to  the 
Eay-family ; they  inhabit  the  Mediterranean  and  the  Atlantic,  and  are 
sometimes  even  used  as  food.  The  fourth  is  the  Trichiurus,  or  Sword-fish 
of  the  Indian  Seas.  The  fifth  marine  species  is  the  Tetraodon.  found 
amongst  the  Comoro  Islands.  The  fresh-water  or  river  species  of  electric 
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fishes  are  the  Silimis  or  Malapterurus,  a salmon-like  fish  of  the  Nile, 
Niger,  and  Senegal,  rivers  of  Africa;  the  Momyrus,  or  Nile  Pike,  and 
lastly,  the  celebrated  Gymnotus,  or  Electric  Eel,  found  only  in  the  Amazoii 
and  other  large  rivers  of  South  America. 

In  the  Torpedoes,  which  are  true  flat  fishes,  the  electric  organs  con- 
sist of  two  compressed  oval  masses,  lying  one  on  each  side  of  the  head, 
and  reaching  from  between  the  gills  into  the  body ; they  are  supported 
in  front  and  externally,  by  a cartilaginous  border.  They  consist  of  a 
strong  membranous  investment,  enclosing  a soft  pulpy  structure,  divided 
by  septa,  into  hexagonal  columns,  which  have  their  ends  directed  towards 
the  upper  and  under  surface  of  the  fish.  Each  column  is  subdivided,  by 
delicate  and  extremely  vascular  partitions,  into  numerous  separate  cells, 
and  each  cell  is  filled  with  a clear  fluid,  of  which  ^th  part  is  albumen, 
with  traces  of  common  salt.  Owing  to  the  large  proportion  of  water  in 
them,  the  specific  gravity  of  the  electric  organs,  is  only  1026,  whilst  that 
of  the  body  of  the  fish,  is  1060.  These  remarkable  organs  are  supplied 
with  very  large  nerves,  larger  than  any  other  nerves  in  the  body,  and 
larger  than  any  nerve  in  animals  of  the  same  size.  The  nerves  arise 
from  a special  nervous  ganglion,  called  the  electric  lobe,  connected  with 
the  medulla  oblongata,  immediately  behind  the  cerebellum  ; at  their 
roots,  these  nerves  have  apparent  connections  with  the  fifth  and  eighth 
pairs  ; their  finest  branches  end  in  close  plexuses,  upon  the  delicate  par- 
titions between  the  cells  of  the  columnar  portions  of  the  electric  organ. 
The  electric  organs  of  the  Gymnotus,  are  four  in  number,  arranged  in 
two  pairs,  one  larger  than  the  other ; they  form  one  third  of  the  entire 
bulk  of  the  animal,  and  extend  nearly  its  whole  length.  Their  structure 
is  similar  to  that  just  described  in  the  Torpedo  ; but  the  prismatic 
colmnns  of  cells  are  larger,  fewer  in  number,  and  of  greater  length,  for 
they  are  placed  lengthwise  in  the  electric  organ  and  body  of  the  Fish. 
The  nerves  are  derived,  it  is  said,  from  the  spinal  cord  only,  and  are  up- 
wards of  200  on  each  side  of  the  body.  Some  of  its  nerves  proceed  from 
the  fifth  cranial  nerve,  but  most  of  them,  it  is  asserted,  from  the  spinal 
cord. 

In  the  Silurus,  there  is  no  such  distinct  electric  organ  ; but  a dense 
fibrous  tissue,  having  albuminous  substance  contained  in  its  inter.stices, 
surrounds  the  wliole  body,  and  is  regarded  as  the  homologue  of  the 
more  perfect  organs  of  the  Gymnotus  and  Torpedo. 

The  power  of  the  Torpedo  to  give  shocks,  is  comparatively  small,  but 
these  excite  much  pain.  The  shock  of  the  Silurus,  and  of  the  largest 
Gymnoti,  which  measure  twenty  feet  in  length,  is  sufficient  to  kill  small 
animals,  and  to  paralyse  men  and  horses,  both  as  regards  sensation  and 
motion.  The  electric  power  depends  upon  the  integrity  of  the  nerves 
connected  with  the  electric  organs,  as  is  proved  by  the  results  of  par- 
tial or  complete  division  of  those  nerves.  Small  portions  of  the  organ, 
connected  with  the  body  by  no  other  part  than  a nerve,  still  retain  their 
electric  power.  Destruction  of  the  electric  lobe  in  the  Torpedo,  com- 
pletely destroys  the  electric  power.  The  discharge  of  electricity  in  the 
Gymnotus,  may  be  caused,  by  touching  different  points  on  the  same  side 
of  the  body,  or  different  points  on  opposite  sides  of  the  body ; in  the 
Torpedo,  it  is  excited  by  touching  the  upper  and  under  surface  of  the 
animal.  But  it  is  said,  that  when  exactly  corresponding  points  on  the  two 
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sides,  or  on  the  same  surface  of  the  body,  are  touched,  no  shock  occurs, 
and  that  not  even  a current  passes  through  a galvanometer.  Contact  with 
one  point  only,  induces  no  shock,  and  a Gjunnotus  instinctively  endea- 
vours to  bring  a second  point  into  near  relation  with  anything  which 
touches  it.  The  hack  of  the  Torpedo,  is  electrically  positive  ; the  ventral 
surface  is  negative ; the  strongest  cirrrents  are  obtained  immediately  over 
the  electric  organ.  In  the  Gymnotus,  however,  the  most  powerful  shocks 
are  obtained,  by  touching  the  two  extremities  of  the  body,  which  here 
present  opposite  electric  states,  the  head  being  positive,  and  the  tail 
negative. 

The  electric  discharge  from  these  Fishes,  not  only  produces  shock  to  the 
living  neiwes  of  one  individual,  or  even  of  a chain  of  persons  touching 
each  other’s  hands,  but  it  affects  the  galvanometer,  magnetizes  needles, 
accomplishes  chemical  decompositions,  and  even  produces  a spark  in  a 
properly  devised  circuit  (Faraday).  There  can  be  no  doubt,  therefore,  of 
its  perfect  identity  with  the  electricity  developed  by  physical  means. 

The  energy  of  the  electric  discharge,  depends  on  the  size  and  strength 
of  the  animal.  It  is  exhausted  by  too  frequent  use ; sometimes  a 
powerful  discharge  precedes  death.  Torpedoes,  in  which  the  electric 
nerves  have  been  divided,  appear  to  live  longer  than  those  the  electric 
organs  of  which  are  subject  to  repeated  irritation.  The  electric 
energy,  like  that  of  the  vital  processes  generally,  is  greater,  and  less 
easily  exhausted,  in  young  Torpedoes  than  in  older  ones,  and  shocks 
have  been  felt  even  from  the  foetal  Fish,  as  it  has  been  extracted  from 
the  abdomen  of  the  parent.  Just  as  the  embryo  of  the  Snapping  Turtle, 
has  been  seen  to  snap  its  jaws  whilst  still  in  the  egg,  so  the  foetal  Tor- 
pedo has  been  seen  to  try  and  bring  its  surfaces  in  proper  contact  with 
foreign  bodies,  so  as  to  pass  the  shock  through  them.  The  electric  power 
is  first  excited,  and  then  destroyed,  by  strychnia  and  morphia.  A tem- 
peratm’e  of  32°  suspends  the  power,  which  is  again  restored  by  immer- 
sion of  the  Fish  in  water  at  a temperature  of  from  58°  to  68° ; at  86°, 
rapid  and  strong  discharges  take  place,  and  the  Torpedo  soon  dies. 

The  use  of  this  remarkable  power,  beyond  that  of  serving  for  protec- 
tion, or  for  obtaining  food,  is  not  evident;  indeed  allied  Species,  ex- 
posed to  the  same  enemies,  and  lirfng  on  the  same  food,  flourish  without 
such  organs.  Moreover,  the  Gj'mnotus  kills  many  more  Ashes  than  it 
eats,  and  Torpedoes,  kept  in  confinement,  have  been  found  to  destroy 
small  Ashes  without  eating  them.  The  electric  discharge  has  been  sup- 
posed to  assist  indirectly  in  the  digestive  process,  inasmuch  as  animal 
substances  subjected  to  powerfrd  electric  currents,  imdeigo  ready  de- 
composition ; the  intestine  of  the  Torpedo  is  very  short,  but  so  also  is 
the  digestive  canal  of  the  allied  Species.  It  has  also  been  imagined  that 
oxygen  may  be  supplied  to  the  gills,  by  decomposition  of  the  water  near 
them  by  these  organs ; but  this  is  improbable.  Lastly,  it  has  been  thought 
that  they  may  renderthe  Fish  galvanometric,  and  thus  enable  it  to  recognise 
changes  in  the  electnc  condition  of  the  suiTounding  medium.  The  chief 
use,  however,  must  surely  be  protective.  It  has  been  .said,  that  certain 
Molluscs  and  Insects  are  able  to  emit  feeble  shocks  of  electricity;  but  this 
is  doubtful.  The  Coelenterata,  as  the  Sea-Anemones  and  others,  irritate 
and  destroy  their  prey  by  stinging  organs,  which  act  suddenly,  but  are 
not  really  electric. 
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The  great  size  of  the  nerves  distributed  to  the  electric  organs,  the 
special  distribution  of  the  extremities  of  the  nerves  upon  the  mem- 
branous walls  of  the  cells,  the  results  of  division  of  those  nerves,  and  of 
destruction  of  the  so-called  electric  lobe,  the  excitement  of  the  organs  by 
irritation  of  the  brain,  and  lastly,  the  apparent  subjection  of  the  whole 
apparatus  to  the  will  of  the  animal,  show,  that  in  some  way,  the  elec- 
tric phenomena  developed  in  these  living  galvanic  batteries,  are  largely 
dependent  on  the  nervous  system.  Accoi-ding  to  one  view,  the  electric 
force  may  be  developed  and  accumulated  in  the  electric  organ,  and 
may  be  merely  discharged  under  the  influence  of  the  nerves.  But  it  is 
diificult  to  understand,  how  this  could  happen  in  an  organ  apparently  un- 
insulated, for  its  membranous  envelope  is  as  good  a conductor  as  moist 
tissues  or  w'ater.  Another  theory  supposes,  that  static  electric  currents, 
similar  to  those  which  are  detected  in  muscular  tissue,  but  of  a far  more 
powerful  kind,  are  constantly  circulating  through  these  organs  ; and  that 
the  equilibrium  of  such  currents  being  disturbed  by  some  action  of  the 
nervous  system,  a discharge  of  the  electric  force  then  takes  place.  In 
accordance  with  this  view,  the  organs  themselves,  with  their  vascular 
cell-walls,  seem  constructed  for  a special  purpose,  being  unlike  any 
other  known  animal  organ  ; after  repeated  discharges,  time  must  be 
allowed  for  the  restoration  of  the  power  of  giving  shocks  ; and  lastly, 
the  electric  force  is  precisely  proportioned  to  the  general  activity  of 
the  nutritive  functions.  Moreover,  a diiference  has  been  observed  in 
the  character  of  the  discharge  or  shock,  between  the  Torpedo  and  the 
Gymnotus,  a difference  connected  with  peculiarities  in  the  structure  of 
their  electric  organs.  The  shock  is  more  pow-erful  in  the  Gymnotus, 
the  piles  of  cells  of  the  organ  being  extremely  long  ; whereas  in  the 
Torpedo,  the  shock  is  less  powerful,  and  the  piles  of  cells  are  shorter. 
It  has  been  supposed,  by  some,  that  the  so-called  nerve-force  is  directly 
converted,  in  these  organs,  into  electric  force ; and  the  further  inference 
has  been  drawn,  that  the  two  forces  are  hereby  shown  to  be  identical. 
The  former  hypothesis  may  be  correct,  but  the  latter  opinion  is  not  so 
(vol.  i.  p.  291).  The  two  forces  are  so  far  related,  that  either  most 
easily  excites  the  other.  The  ultimate  source  of  the  electric  power,  is 
chemical  action,  most  probably  oxidation. 


STATICS  AND  DYNAMICS  OF  THE  HUMAN  BODY. 

Physiology  is  not  sufficient!)'  positive  or  perfect,  as  a science, 
to  have  its  exact  constants.  But  we  may  here  collect  certain 
numerical  expressions,  concerning  the  specific  gravity,  height, 
and  weight  of  the  body ; the  weights  of  its  various  organs ; 
the  relative  quantities  of  its  chief  proximate  chemical  con- 
stituents ; also,  concerning  the  weight  of  the  daily  food,  and  its 
proportion  to  the  weight  of  the  body ; its  proximate  consti- 
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tuents,  and  the  relations  of  these  to  the  proximate  constituents 
of  the  body  ; their  destination  in  the  economy  ; and  the  etfects 
of  deprivation  of  food. 

Besides  this,  we  may  examine,  in  a general  manner,  the 
chemical  worh  performed  within  the  body;  and  endeavour  to 
estimate,  numerically,  its  vito-chemical  processes,  and  their 
relation,  on  the  one  hand,  to  the  food,  drink,  and  air,  and,  on 
the  other,  to  the  mechanical  and  calorific  work,  performed  in, 
and  by,  the  system.  The  nutritive,  electric,  and  nervous  work, 
may  also  be  here  again  noticed. 


STATICS  OF  THE  HUMAN  BODY 
Specific  Gravity  of  the  Body.\ 

The  specific  gravity  of  the  body,  depends  upon  that  of  its 
various  tissues  and  organs.  Essentially,  all  the  mateifials  of 
the  body,  with  the  exception  of  the  fatty  substances,  are  heavier 
than  water,  and  the  mean  specific  gravity  of  all  the  tissues,  is 
higher  than  that  of  water.  But  the  air  retained  in  the  lungs 
during  life,  even  the  residual  and  reserve  air,  is  just  suffi- 
cient to  counterbalance  the  higher  specific  gravity  of  the  body 
generally,  and  so  enables  it  to  float  (vol.  i.  p.  227). 

The  specific  gi’avities  of  the  chief  tissues  are  given  in  vol.  i. 
p.  78;  that  of  the  principal  organs,  is  mentioned  in  their 
description.  The  specific  gravity  of  the  entire  body,  with 
air  in  the  lungs,  is  usually  stated  to  be  from  1060  to  1070. 
As  bone  is  the  heaviest,  and  fat  the  lightest,  of  the  tissues,  the 
specific  gi'avity  of  the  entire  body,  is  influenced  by  the  relative 
proportions  of  these  two  tissues ; hence  it  is  greater  in  thin 
bony  persons,  but  less  than  the  average  in  children  and  women, 
who  are  generally  fatter  than  men,  and,  also,  in  corpulent 
persons  of  either  sex.  But  the  practical  buoyancy  of  the  body 
in  water,  is,  of  course,  chiefly  determined  by  the  size  of  the 
chest  and  lungs,  the  freedom  of  the  latter  from  congestion  or 
deposits,  and  their  condition  of  inflation.  On  the  least  in- 
spiratory and  expiratory  movement,  the  body  rises  or  sinks 
in  water.  Necessarily,  the  body  is  more  buoyant  in  the  sea, 
than  in  fi-esh  water.  The  effect  of  clothing,  or  of  any  kind 
of  weight,  is,  of  course,  adverse  to  buoyancy. 
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Height  of  the  Body. 

The  human  body  continues  to  grow,  at  least  up  to  the  age 
of  twenty -five  (Quetelet),  and,  as  it  would  seem,  even  up  to 
the  age  of  thirty  years  (Dansonp  The  mean  height  of  the  male 
in  Belgium,  at  twenty-live  years  of  age,  is  66  T inches,  or 
168  centimetres*  (Quetelet).  The  mean  height  of  males,  at 
twenty-one  years,  in  Germany,  is  found  to  be  68' 1 inches, 
or  173  centimetres  (Zeising).  Measurements  of  4,800  cri- 
minals, in  England,  give  a mean  height  in  the  male,  from 
twenty-five  to  thirty  years,  of  66'5  inches,  or  nearly  169  cen- 
timetres (Danson).  The  extreme  divergence  of  the  German 
measurements,  must  be  exceptional,  and  due  probably  to  too 
limited  a number  of  observations.  The  English  stature  is 
nearer  to  a mean.  The  height  of  the  fuU-grown  female,  at 
thirty  years  of  age,  is  62'2  inches,  or  158  centimetres 
(Quetelet).  The  mean  difference  between  the  height  of  the 
sexes,  is  about  4 inches. 

Weight  of  the  Body. 

The  estimated  average  weight  of  the  body  in  the  male,  is  also 
rather  less,  according  to  Quetelet,  than  acording  to  other  ob- 
servers. From  thirty  to  forty  years  of  age,  it  is  140  lbs.,  or 
63‘66  kilogrammes- j"  From  twenty-five  to  thirty  years  of  age, 
the  mean  weight  of  the  male,  according  to  Danson,  is  143' 1 
lbs.,  or  65  kd.  Vierordt  adopts  the  result  of  one  observation 
on  a powerful  male,  aged  forty-two,  whose  weight  was  about 
143‘5  lbs.,  or  65’25  kil.  The  weight  of  the  female,  at  thirty, 
is  121  lbs.,  or  55  kil.,  i.e.  about  22  lbs.  less  than  that  of  the 
male ; but  the  weight  increases  in  women  up  to  the  age  of 
fifty,  when  it  is  about  123’2  lbs.,  or  56  kil. 

From  the  preceding  numbers,  a mean  height  of  5 feet  6^ 
inches,  and  a weight  of  144  lbs.  avoirdupois,  may  be  as- 
sumed, for  the  average  full-grown  male.  In  the  calculations 
made  by  English  writers,  on  the  Avorking  power  of  a man, 
150  lbs.  is,  hoAvever,  usually  taken  as  his  weight. 

Weights  of  different  Parts  and  Organs  of  the  Body. 

These  are  taken  from  Duroj  and  Krause,  the  weights  given 
by  them,  having  been  converted  into  lbs.  and  ozs.  avoir- 
dupois : — 


* A centimetre  = '3937  inch, 
t A kilogramme  = 2'2  lbs.  avoirdupois. 
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lbs.  oz. 

OZ.  ' 

The  recent  skeleton  .... 

21  8 

344 

Muscles  and  tendons 

77  8 

. 1240 

Skin  and  subcutaneous  fat 

16  5 

261 

Brain  ...... 

3 2L 

oO'o  1 

Spinal  cord  ..... 

li 

1-2.5  1 

Eyes 

■5  ! 

Tongue  and  hyoid  hone 

3 

3 : 

(Esophagus  ..... 

If 

1-75  , 

Stomach  ...... 

7 

7 

Small  intestine  ..... 

1 lU 

27'5 

Large  intestine  ..... 

1 r 

17  1 

Salivary  glands  .... 

21 

2-5 

Liver  

4 11 

65-5 

Pancreas  ...... 

3 

3 

Spleen  ...... 

8A 

8-5 

Thyroid  body  and  remains  of  thymus 

*75 

Blood  = A weight  of  body 

11  0 

176 

Heart 

101 

10-25 

Right  and  left  kidneys 

101 

10-25 

Larynx,  trachea,  and  larger  bronchi  . 

n 

2-75  1 

Lungs  ...... 

2 lOl 

42-25  1 

Unweighed  parts  .... 

1 4f 

20-75  1 

Total 

143  8 

2296  j 

Proportions  of  the  Proximate  Constituents  of  the  Body. 

All  the  constituents  of  the  body,  belong  to  five  chief  cate- 
gories; viz.  albuminoid  substances  and  those  immediately 
derived  from  them,  fats,  salts,  extractives,  and  water.  The 
following  Table  shows  the  quantities  of  these  substances  in  a 
body  supposed  to  weigh  1.50  lbs. ; and  also  the  proportions 
of  each  hi  1,000  parts  (Moleschott)  : — 


Qaantities 
in  the  body 
in  lbs. 

Proportions 
in  1000  parts 

Albuminoid  substances  and  their  deriva-  ) 
tives  ......  j 

30 

201  i 

Fatty  matters  ...... 

4 

25 

Salts 

14 

92 

Extractives 

1 

6 

Total  solids 

49 

324 

Water 

101 

676  : 

150 

1000 

DAILY  QUANTITY  OF  FOOD. 
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Daily  Quantity  of  the  Food,  and  its  Composition. 

It  has  been  stated  that  a daily  consumption  of  2 lbs.  of 
bread,  with  12  oz.  of  meat,  which  contain  11'6  oz.  of  carbon, 
and  ’7  oz.  of  nitrogen,  will  support  a fully-exercised  adult, 
(Bedard).  According  to  another  estimate,  1 lb.  of  meat, 

1 lb.  3 oz.  of  bread,  3^  oz.  of  fat,  and  about  2^  imperial  pints 
of  water,  are  needed  by  a healthy,  actively-employed  man 
(Dalton).  Vierordt’s  estimate,  as  we  shall  see,  assigns  4 oz. 
of  dry  albiuninoid  matter,  3 oz.  of  fat,  11-g-  of  starchy  food, 
and  1 oz.  of  salts.  An  ordinary  English  labourer  is  said  to 
consume  daily,  a diet  containing  12  oz.  of  carbon  and  5 of 
nitrogen,  and  a dietary  containing  only  10‘4  oz.  of  carbon, 
and  '42  of  nitrogen,  is  stated  to  be  insufficient  to  preserve  his 
health  (Ed.  Smith).  Cases,  however,  are  on  record,  such  as 
that  of  Louis  Cornaro,  in  which  a much  lotver  diet  has  served 
to  maintain  life  and  health  for  very  long  periods.  The  diet  of 
men  engaged  to  run,  walk,  or  row,  and  also  that  of  jockeys, 
has  occupied  special  attention  in  England ; and  though  entirely 
the  result  of  empiricism,  the  rules  laid  down,  correspond  gene- 
rally with  the  suggestions  of  science.  They  usually  include 
an  excess  of  meat  diet,  a spare  allow'ance  of  amylaceous  and 
saccharine  food,  and  a more  or  less  strict  abstinence  -from 
alcoholic  beverages,  tea,  coffee,  and  tobacco.  Very  active 
exercise,  sweating,  sponging,  early  rising  and  retirement  to 
rest,  are  also  enjoined. 

The  daily  food  may  be  classified  under  four  chief  cate- 
gories ; viz.  the  albuminoid  substances,  the  fatty  and 
starchy  substances,  the  saline  or  mineral  substances,  and 
the  water.  According  to  Vierordt,  a healthy  adult  is  suffi- 
ciently nourished,  by  consuming  daily,  4‘2  oz.  av.  of  dried 
albuminoid  substances,  3T  of  fatty  matter,  11 -5  of  amyla- 
ceous food,  and  IT  of  saline  substances.  Playfair  has  esti- 
mated that  the  daily  diet  of  an  active  adult  man  is  about  4'2  oz. 
of  dry  albuminoid  substances,  1'8  of  fats,  18'7  of  starch,  and 
•9  of  mineral  substances.  The  difference  between  these  diets, 
the  former  preponderating  in  fatty  matters,  and  the  latter 
in  starchy  substances,  is  doubtless  owing  to  differences  of 
national  habit.  To  these  solid  substances,  viz.  19'9  oz.  in  the 
former,  and  25'6  oz.  in  the  latter  diet,  must  be  added  93  oz.  of 
water,  which,  according  to  Vierordt,  includes  that  taken  both 
in  the  food  and  drink,  making  a total  of  112’9  oz.  in  the  first 
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diet,  and  11 8’ 6 in  the  second  diet.  The  daily  amount  of  new- 
material  taken  into  the  body,  wdll,  in  the  former  case,  be  about 
.glg-th,  and  in  the  second,  about  -y^^th,  of  the  total  weight  of  the 
body.  In  the  diet  indicated  by  Vierordt,  the  proportion  of 
non-nitrogenous  to  nitrogenous  food,  is  as  3-^  to  1 ; Avhilst  in 
that  allowed  by  Playfair,  it  is  as  4|  to  1.  But  a compen- 
sation exists  in  the  fact,  that  the  fatty  matters,  in  excess  in  the 
German  diet,  are  much  richer  in  carbon  than  starch ; for, 
adopting  the  so-called  starch  equivalent  for  fat.  which  is  as 
2'4  to  1,  and  expressing  the  fatty  matters,  in  both  diets,  as  if 
they  were  starch,  the  disparity  between  them  is  lessened. 
The  starch  equivalent  in  the  former  diet,  would  then  be  19, 
and  in  the  latter  23,  which,  as  compared  -with  the  amo-unt  of 
nitrogenous  matter  identical  in  both  diets,  viz.  4'2  oz.,  would 
give  a ratio  between  the  non-nitrogenous,  or  hydro-carbona- 
ceous elements,  and  the  nitrogenous,  of  about  4-|-  to  1 in  the 
diet  of  Vierordt,  and  of  about  5^  to  1 in  that  of  Playfair. 

The  annexed  Table  shows  these  facts  more  clearly. 


Daily  food  of  an  adult  man,  in  ozs.  avoirdupois  : — 


Playfair 

Vierordt 

Proportions 
in  1000  parts 
(Tierordt) 

Albuminoid  substances  . 

4-2 

4-2 

37 

Fatty  matters 

1-8 

31 

28 

Salts  ..... 

•9 

1-1 

8 

Starch  

18-7 

11-5 

103 

Total  solids  . 

25-6 

19-9 

176 

Water  .... 

90 

93 

824 

115-6 

112-9 

1000 

Relations  between  the  Constituents  of  the  Body  and  those 
of  the  Daily  Food. 

Ha’sdng  determined  the  proportions  of  the  different  proxi- 
mate constituents  of  the  body,  in  1000  parts,  and  the  same 
proportions  in  regard  to  the  proximate  constituents  of  the  food, 
and  knowing  that  the  total  weight  of  the  daily  food  is  about 
Jjyth  of  the  total  weight  of  the  body,  it  is  easy  to  ascertain 
approximately,  the  ratio  between  the  daily  quantity  of  each  of 
those  proximate  constituents  of  the  food,  and  the  quantity  of 
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the  same,  or  similar  substances,  present  in  the  body.  The 
results  are  sho'um  in  the  annexed  Table. 


In  1000 
parts  of 
the  body 

In  1000 
parts  of 
food 

In  50  parts 
of  food,  2.  e. 

weight  of 
the  body 

Proportion  per 
cent,  of  consti- 
tuents of  food, 
to  similar  consti- 
tuents in  body 

Albuminoids 

201 

37 

1-85 

•9 

Fats  .... 

25 

28 

1-4 

6'6 

Salts  .... 

92 

8 

•4 

■4 

Carbhydrates,  viz.,  I 

86 

starch,  sugar,  ex-  I 

6 

103 

515 

tractives  J 

Water  .... 

676 

824 

41-2 

6-1 

Totals 

1000 

1000 

50 

From  this  comparison,  it  appears  that,  in  round  numbers,  the 
daily  supply  of  albuminoid  substances  in  the  food,  is  rather  less 
than  1 for  every  100  parts  of  albuminoid  materials  in  the  body; 
that  the  supply  of  fat,  is  5g  parts  for  every  100  in  the  body;  that 
of  salts,  less  than  ^ a part ; and  of  Avater,  6 parts  only  for  every  1 00. 
On  the  other  hand,  the  proportion  of  the  carbhydrates  in  the 
food,  as  compared  with  the  small  quantity  of  substances  of  simi- 
lar composition  in  the  body,  is  as  much  as  86  per  cent.  This 
obviously  suggests  that  the  amyloid  and  saccharine  strbstances 
are  not  largely  employed  for  conversion  into  tissue,  but  have 
some  other  function  in  the  economy,  one  of  which,  there 
is  reason  to  believe,  is  to  supply  fuel  for  the  purposes  of 
generating  chemical  force,  to  be  transformed  into  animal 
motion  and  heat.  These,  indeed,  are  the  so-called  calorific 
substances,  heat-givers,  or  respiratory  food,  as  distinguished 
from  the  albuminoid  substances,  plastic  food,  or  flesh-formers. 
From  the  small  percentage  of  these  latter  bodies,  daily  supplied 
to  the  system,  it  is  evident  that  not  more  than  xroth  part  of 
such  substances  in  the  body,  can,  on  an  average,  be  replaced  by 
nutritive  metamorphoses  in  one  day.  Hence,  we  arrive  at  the 
conclusion,  that  100  days,  at  least,  are  necessary,  supposing 
waste  and  supply  to  be  equal,  for  the  complete  transformation 
of  all  the  albuminoid,  and  their  derived  constituents,  in  the  living 
body.  But  the  actual  rate  of  metamorphosis  is  so  different  in 
the  several  albuminoid  tissues,  as  e.g.  in  muscular,  as  compared 
with  tendinous,  tissues,  and  moreover,  so  inconstant,  that  no  safe 
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conclusions  can  be  arrived  at  upon  such  general  data.  The 
fatty  matters  of  the  body,  are  possibly  changed  in  much  less 
time. 

It  is  difficult  to  estimate  the  ordinary  daily  waste  of  the 
human  body.  It  has  been  shown,  however,  that  the  daily 
quantity  of  food,  necessary  to  maintain  an  animal  at  its  normal 
weight,  is  more  than  twice  the  weight  of  the  daily  loss  which 
it  iindergoes,  when  deprived  of  all  food.  When  the  weight  of 
the  food,  is  only  equal  to  the  loss  during  temporary  starvation, 
the  animal  continues  to  lose  weight,  and  the  egesta  given  off 
by  the  alimentary  canal,  the  kidneys,  the  skin,  and  the  lungs, 
weigh  more  than  the  quantity  of  food  taken.  This  has  been 
attributed  to  the  requirements  of  the  processes  of  digestion, 
which  demand  the  formation  of  copious  secretions  containing 
much  solid  matter ; but  as  most  of  them  are  reabsorbed,  it  is 
more  probably  to  be  explained  by  the  fivct  that,  in  a starving 
animal,  the  waste  is  reduced  to  a minimum,  and  that  the  effect 
of  insufficient  food,  is  to  excite  the  system  to  an  unaccustomed 
activity,  and  to  loss  by  metamorphosis.  Nevertheless,  during 
health,  with  sufficient  food,  and  in  a sufficiently  long  period, 
there  must  be  an  actual  balance  between  the  loss  and  the 
supply. 


Destination  of  the  Food  in  the  Living  Economy. 

This  subject  includes  two  points  of  investigation — viz.  the 
intermediate,  and  the  ultimate,  chemical  changes  or  meta- 
morphoses of  the  different  proximate  constituents  of  the  food. 
The  latter  point  may  be  first  examined. 

In  order  to  arrive  at  the  ultimate  destination  of  the  proxi- 
mate constituents  of  the  food,  after  these  have  compensated 
for  the  waste  of  tissue,  or  have  been  consumed  in  furnishing 
force  for  imparting  motion  and  heat,  it  is  necessary  to  deter- 
mine the  intrinsic  composition  of  those  constituents,  and  that 
of  the  various  excreted  matters.  The  chemical  constitution 
of  the  ingesta  which  pass  into  the  body,  must  be  compared 
with  that  of  the  egesta  which  pass  from  it — two  terms  of  an 
equation,  which,  if  our  means  of  experiment,  and  our  knowledge, 
were  exact,  should  be  shovTi  precisely  to  correspond.  This 
comparison  has  been  attempted  by  Yierordt,  as  shown  in  the 
following  Tables,  in  which  the  quantities,  given  by  him  in 
grammes,  have  been  reduced  to  ozs.  avoirdupois  : — 
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A.  Ingesta  during  24  hours,  in  ozs. 


Food,  drink, 
and  air 

Quantities 

consumed 

H.,0  of 
starch,  and 
water 

C 

H 

N 

0 

Salts 

Albumen 

4-23 

2-29 

-28 

-66 

1 

Fat 

3-17 

2-47 

-36 

-34 

Salts 

1-13 

1-13 

Starch 

11-63 

6-46 

5-17 

Water 

93 

93 

Oxygen  1 

26-24 

26-24 

of  air  J 

' 

Totals 

139-4 

99-46 

9-93 

-64 

-66 

27-58 

1-13 

B.  Egesta  during  24  hours,  in  ozs. 


Excretions 

Quanti- 
ties ex- 
creted 

Water 

C 

H 

N 

0 

Salts 

Breath ; Carbonic  acid 
and  Water  . . . 

Perspiration  ; do.  do. 
f Urea 

Urine  < Water 

(_  Extractives 
Solid  excreta  . . . 

Water  formed  in  the 
system  .... 

43-4 

23-62 

62-31 

6-07 

p. 

11-66 

23'3 

59-98 

4-52 

8-79 

-09 

{:f 

-71 

f-07 

t-03 

-1 

•44 

V 

•56 

•1 

22-95 

•23 

■41 

•43 

r -27 

1 3-29 

•92 

•21 

139-4 

99-46 

9-93 

•64 

■66 

to  1 
00  ' 

1-13 

In  Table  A,  the  quantities  of  the  various  constituents  of  the 
daily  food,  solid  and  fluid,  are  the  same  as  those  quoted  in 
p.  535.  The  daily  amount  of  oxygen  introduced  into  the  system, 
is  calculated  from  the  quantity  known  to  be  given  off,  in  that 
period,  as  carbonic  acid  from  the  lungs  and  skin.  The  quan- 
tities of  hydrogen  and  oxygen  which  exist  in  the  carbhydrates, 
in  the  proportions  to  form  water,  are  set  do%vn  as  water. 

In  Table  B,  the  ultimate  destination  of  all  the  chemical 
elements  of  the  constituents  of  the  food,  is  traced.  The  totals 
under  each  head  in  the  two  Tables,  correspond,  the  decimals 
having  been,  in  some  cases,  .slightly  altered  in  the  reduction 
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of  grammes  into  ounces.  The  upper  row  of  the  figures  which 
reter  to  the  urine,  represents  the  elements  of  the  urea ; the 
lower  row,  those  of  the  non-nitrogenous  urinary  constituents. 
Above  two  thirds  of  the  hydrogen  of  the  food,  are  converted 
in  the  body,  into  water,  paitly  by  uniting  with  oxygen  already 
in  the  food,  but  chiefly  by  combination  with  oxygen  from  the 
air.  The  remainder  of  the  oxygen,  unites  with  carbon,  to  form 
the  carbonic  acid  of  the  pulmonary  and  cutaneous  exhalations. 
Of  the  entire  excreta,  32  per  cent,  pass  off  by  the  breath,  17 
by  the  skin;  46’5  by  the  kidneys,  and  4‘5  by  the  alimentary 
canal.  The  ultimate  products  of  the  chemical  metamorphoses 
of  the  food  within  the  living  body,  are  regarded  essentially 
as  urea,  carbonic  acid,  salts,  and  ivater.  The  small  residue 
consists  chiefly  of  nitrogenous  and  other  matters  in  the  faeces, 
and  of  epithelial,  and  epidermoid,  losses. 

The  intermediate  stages  of  metamorphosis,  which  occur  as 
the  food  is  assimilated  into  blood,  or  solid  tissue,  and  the  fur- 
ther exceedingly  complex,  and  only  imperfectly  known,  changes 
which  these  undergo,  have  been  followed,  more  or  less  com- 
pletely, in  describing  the  composition  and  use  of  the  different 
kinds  of  food  (p.  2—7),  the  modes  of  their  assimilation  (p.  174), 
the  office  of  the  several  constituents  of  the  blood  (p.  287),  and 
the  sources  of  the  biliary  and  urinary  pulmonaiy  excretions 
(pp.  354,  377).  A summary  or  general  view  of  these  meta- 
morphoses, may  now  be  given. 

Water  appears  to  undergo  no  decomposition  into  oxygen 
and  hydrogen  ; rather  it  is  increased  by  additional  water  set 
free,  or  actually  produced,  by  the  union  of  oxygen  and  hydro- 
gen, in  the  body  itself.  It  is  probably  concerned  in  processes 
of  hydration  and  dehydration,  thus  effecting  changes  in  the 
more  complex  elements  of  the  body. 

The  saline  substances  of  the  food,  pass,  for  the  most  part,  un- 
changed through  the  body,  and  reappear  again  in  the  excre- 
tions, especially  in  the  mane  ; bitt  the  chlorides  must  undergo 
temporary  decomposition  for  the  formation  of  the  hydrochloric 
acid  of  the  gastric  juice,  the  chlorine,  however,  again  meeting 
with  appropriate  bases.  Additional  saline  matters  appear  in 
the  excreta,  besides  those  in  the  food,  chiefly  alkaline  sul- 
phates, formed  by  the  oxidation  of  the  sulphiu  in  the  albumi- 
noid compounds  of  the  body,  and  magnesian  phosphates,  re- 
sulting from  the  oxidation  of  the  phosphuretted  fats  of  the 
blood  corpuscles  and  the  brain.  The  ammonia  in  the  breath, 
in  the  perspiration,  and  in  the  luine,  and  also  the  urea,  uric 
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acid,  and  hippnric  acid,  are  saline  substances,  the  products  of 
decomposition  of  one  or  more  nitrogenous  matters  in  the  body. 

The  carbhydrates,  starch,  and  sugar,  are  changed,  the  first 
into  sugar,  and  both,  probably  after  transitional  mutations, 
into  lactic,  oxalic,  or  other  acids.  Their  elements  are  ulti- 
mately traceable,  the  carbon,  in  the  carbonic  acid  of  the  breath 
and  perspiration,  and  the  hydrogen  and  oxygen,  in  water. 
Sometimes  starch  or  sugar  may  give  rise,  apparently  by  an 
upward  metamorphosis,  to  biliary  or  other  fatty  acids,  and 
thus  to  fat,  which  may  then  be  deposited  in  the  tissues  as  fat, 
or  they  may  protect  and  thus  spare  the  fat  already  in  the  body. 
Sugar  and  starch  given  with  meat  or  albuminoid  food,  produce 
obesity;  they  are  even  more  fattening  than  fat  itself,  as  they 
are  more  easily  oxidised,  and  act  more  effectually  as  protectors 
to  the  other  constituents  of  the  body.  Ultimately,  their  ele- 
ments are,  in  any  case,  subjected  to  the  same  oxidising  processes, 
yielding  carbonic  acid  and  water.  Their  upward  transforma- 
tion is  probably  exceptional,  because  they  are  more  easily 
oxidisable  than  fat. 

The  fatty  matters,  or  hydro-carbons,  are  u.sually  decomposed 
into  their  fatty  acids  and  glycerin,  before  they  enter  the  chyle, 
and  are  probably  recomposed  there,  or  in  the  blood ; possibly,  also, 
they  are  again  decomposed,  under  the  influence  of  the  alkaline 
constituents  of  the  blood,  on  the  eve  of  being  oxidised.  This 
oxidation  may  be  direct  or  immediate,  into  carbonic  acid  and 
water ; but  the  fat  may  be  first  employed,  perhaps  in  the  forma- 
tion of  the  choleic  acid  of  the  bile,  or  of  the  volatile  fatty  acids 
of  the  milk,  butyric,  capric,  and  caproic ; or  it  may  be  still  fur- 
ther resolved  into  propionic,  formic,  or  acetic  acids,  and  so  pass 
to  the  ultimate  condition  of  carbonic  acid  and  water.  The 
hydrogen  of  fat,  being  in  excess  of  its  oxygen,  and  not  in  the 
proportions  to  form  water,  as  in  the  carbhydrates,  this  ele- 
ment and  the  carbon,  which  also  exists  in  excess,  demand,  for 
their  reduction,  a much  larger  relative  supply  of  oxygen  from 
the  air.  Hence,  in  regard  to  vito-chemical  calculations,  the 
fats  may  be  represented  by  a starch  equivalent,  1 part  of  fat 
being  equal  to  2 '4  parts  of  starch.  A minute  portion  of  fat  may 
remain  almost  unoxidised,  in  the  form  of  cholesterin.  Fat, 
like  the  carbhydrates,  also  saves  the  metamorphosis  of  the 
albuminoid  tissues  and  food ; for  if  an  animal  be  fed  on  insuffi- 
cient animal  diet,  to  which  some  fat  is  added,  there  is  less 
waste,  and  a smaller  consumption,  of  nitrogenous  matter  than 
if  it  be  fed  on  a scanty  meat  diet  without  fat.  A noi-mal  pro- 


542 


SPECIAL  PnTSIOLOGT. 


portion  of  fat  in  the  food,  also  saves  the  consumption  of  meat ; 
for  the  weight  of  an  animal  is  then  maintained  with  one  third 
or  one  fomth  less  meat,  than  when  it  is  fed  on  meat  alone. 
An  excess  of  fat  in  the  diet,  however,  has,  as  its  chief  result, 
an  increase  of  weight,  by  accumulation  of  adipose  tissue. 
The  most  successful  plan  of  fattening  animals,  is  not  to  with- 
draw the  albuminoid  foods,  but  to  allow  these  to  remain  the 
same  in  quantity,  and  to  increase  the  hydrocarbons  and  carbhy- 
drates.  The  researches  of  Lawes  and  Gilbert,  show  that  in  the 
fattening  of  animals,  much  more  fat  is  produced  than  there  is 
fat  in  the  food,  only  .J  th,  or  ^rd  being  contained  in  the  food,  and 
therefore,  from  §rds  to  f ths  being  produced  from  other  sources, 
largely  from  the  carbhydrates,  but  also  from  any  excess  of 
nitrogenous  food,  after  the  albuminoid  tissues  are  supplied. 
This  is  especially  the  case,  if  the  non-nitrogenous  food  be 
defective,  or  if  an  animal  be  fed  on  flesh  only  (Yoit.) 

Alcohol,  which  may  be  considered  as  one  type  of  hydrocar- 
bonaceous  food,  has  been  said,  by  some,  to  escape  wholly  un- 
changed, by  the  breath  and  the  excretions ; but  it  is  generally 
believed  to  be,  at  least,  partly  oxidised,  either  with  or  without 
previous  conversion  into  aldehyde,  acetic  acid,  or  some  other  in- 
termediate substance  or  substances.  It  is  not  supposed  to  contri- 
bute directly  to  the  formation  of  tissue,  not  even  of  fat.  It  is  not 
essential  as  an  article  of  diet ; it  may  even  be  detrimental,  bv 
its  chemical  action  on  albuminoid  substances,  hardening  and 
precipitating  them,  or  by  its  physiological  action,  stimulating 
or  even  poisoning  the  ner\mus  system,  or  producing  slow  and 
insidious  changes  in  the  blood,  the  tissues,  and  the  secreting 
and  excreting  organs,  which  render  the  system  unable  to  resist 
injury  or  disease;  it  may  even  lay  the  foundation  for  irre- 
mediable organic  changes  in  the  brain,  heart,  bloodves.«els, 
liver,  and  kidneys.  In  smaller  and  more  moderate  quantities, 
alcohol,  however,  is  probably  oxidised  in  the  blood,  and  so 
serves  for  the  development  of  motion  and  heat.  It  restores  a 
feeble  pulse,  quickens  the  vascular  action,  and  so  raises,  for  a 
time,  the  vital  activity  of  aU  the  functions,  vegetative  as  well  as 
animal.  Much  difference  of  opinion  exists  as  to  the  claim  of 
alcohol  to  be  regarded  as  an  aliment,  of  course  of  the  non- 
nitrogenous  class.  Alcohol  certainly  enters  the  circulation; 
but  its  effect  on  the  blood  is  not  understood,  though  it  has  been 
supposed  to  render  that  fluid  thicker,  and  the  blood  plasma 
less  fit  for  penetrating  the  tissues.  Persons  have  been  known 
to  live  long  periods  on  alcoholic  beverages,  but  not  on  pure 
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alcohol,  unless  this  was  accompanied  by  small  quantities  of 
bread  or  other  food.  So  also  persons  who  drink  much  beer 
become  fat,  but  spirit  drinkers  do  not.  It  has  been  supposed  to 
be  possibly  nutrient  to  the  nervous  system,  but  this  is  not  es- 
tablished, and  its  plastic  properties  may  be  doubted.  Whether 
it  may  act  by  saving  tissue,  through  its  own  oxidation,  or 
Avhether  it  may  serve  as  respiratory  or  calorific  food,  depends 
on  its  ability  to  undergo  oxidation  in  the  system.  Accord- 
ing to  Lallemand,  Perrin,  and  Duroy,  it  leaves  the  body  en- 
tirely, and  michanged;  this  view  is  also,  in  some  measure, 
supported  by  Dr.  E.  Smith.  By  these  authors,  alcohol  has 
been  found  unchanged  in  the  blood,  in  the  various  organs, 
especially  in  the  liver  and  the  cerebro-spinal  nervous  centres, 
and  also  in  the  breath,  the  perspiration,  and  the  urine ; more- 
over, they  have  not  found  aldehyde,  nor  acetic  or  oxalic 
acids,  into  which  alcohol  has  been  said  to  bo  changed  in  the 
body.  It  has  also  been  shown  that  aldehyde,  if  administered, 
is  itself  unstable  in  the  system,  and  appears  as  acetic  acid. 
But  the  quantities  of  alcohol  found  in  the  excretions,  do  not 
appear  to  have  been  accurately  compared,  by  those  observers, 
with  the  quantity  actually  taken  into  the  stomach.  Baudot  and 
Thudicum  have  shown  that  when  this  is  done,  the  quantities 
eliminated  are  proportionally  small.  Even  in  the  results  obtained 
by  Lallemand,  Perrin,  and  Duroy,  only  ^th  of  the  alcohol  taken, 
is  thus  accounted  for  (Gingeot).  In  these  cases,  and  also  in  those 
in  which  enormous  quantities  have  been  given  in  disease,  more 
or  less  alcohol  must  therefore  be  appropriated,  or  assimilated,  by 
the  tissues,  be  retained  in  them,  or  be  oxidised.  The  adminis- 
tration of  alcohol  does  not  increase,  but  diminishes,  the  tempe- 
rature (Perrin,  Dumeril,  Demarquay,  Einger,  and  Pickards), 
and  also  the  quantity  of  carbonic  acid  gas  evolved  (Lehmann, 
Vierordt,  Hammond,  Bocker,  LaUemand,  and  Dr.  E.  Smith). 
The  quantity  of  urea  excreted,  is  likeAvise  diminished.  Duchek 
and  Miaihe  supposed,  that  this  Avas  oAving  to  the  formation  of 
aldehyde,  or  some  other  compound  not  so  perfectly  oxidised  as 
carbonic  acid ; but  this  is  hypothetical.  The  effect  seems  rather 
to  be  due  to  its  loAvering,  in  some  manner,  all  those  organic 
processes,  Avhich  lead  to  the  formation  of  carbonic  acid  by  the 
disintegration  of  blood  and  tissue  (Moleschott,  Carpenter) ; in 
this  way,  alcohol  may  retard  waste,  and  conserve  poAver.  It 
may  also  favour  the  formation  of  neAv  tissue,  and  save  the 
combustion  of  fatty  matter  (Hammond). 

bodies,  the  most  complex  substances  in  the  animal 
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economy,  undergo,  as  might  be  supposed,  the  most  compli- 
cated intermediate  changes,  before  they  are  ultimately  resolved 
into  their  simplest  excretory  products.  Albumen  itself,  con- 
stituting the  pabulum  of  the  tissues,  does  not  undergo  any 
upward  chemical  metamorphosis ; all  its  changes  are  neces- 
sarily retrograde.  Slight  modifications,  perhaps  of  hydra- 
tion, convert  it  into  albuminose,  pepsin,  salivin,  and  pan- 
creatin.  Equally  slight  oxygenation  probably  changes  it  into 
globulin,  fibrin,  syntonin  and  casein  ; this,  together  with  a loss 
or  total  deprivation,  of  sulphur,  is  concerned  in  the  produc- 
tion from  it  of  keratin,  chondrin,  and  gelatin  ; the  disappear- 
ance of  the  sulphur,  must  be  an  essential  step  in  the  nutrition  of 
the  gelatin-yielding  tissues.  The  substitution  of  iron,  perhaps, 
for  hydrogen  or  carbon,  with  a loss  of  oxygen,  is  possibly  the 
mode  of  derivation  of  the  cruorin,  or  blood  pigment,  from  albu- 
minoid matter  ; whilst  the  other  pigments,  pulmonary,  cuta- 
neous, biliary,  and  urinar}',  especially  abound  in  carbon,  and 
maybe  formed  by  processes  of  dehydration.  The  nitrogenous 
acid  of  the  nervous  substance,  cerebric  acid,  is  probably  derived, 
directly  or  indirectly,  from  some  breaking  up  of  albumen,  but 
this  peculiar  acid,  which  contains  phosphorus,  exists  in  Indian 
corn  and  other  food ; the  glycocoU  and  taurin  of  the  glyco- 
cholic  and  tauro-cholic  acids  of  the  bile,  also,  perhaps,  proceed 
from  the  dissolution  of  albuminoid  substances ; and  it  is  more 
than  probable  that  glycogen,  or  animal  starch,  and  taurin,  are 
formed  in  the  liver,  hkewise,  by  the  splitting  up  of  albumen. 

In  this  case,  the  glycogen  contains  the  carbon,  with  hydro- 
gen and  oxygen  in  the  proportions  of  water,  whilst  the  choleic 
acid,  with  the  glycocoU  and  taurin,  contain,  besides  those  ele- 
ments, the  nitrogen  and  sulphur.  The  formation  of  gelatinoid 
substances  from  albumen,  which  must  happen  in  nutrition,  libe- 
rates sulphur,  which  may  either  be  oxidated,  or  find  its  escape 
in  the  taurin  of  the  bile.  Albumen  may  even  be  a source  of 
common  fat ; for  the  biliary  acids  might  easily  give  ri.se  to 
oleic  and  other  fatty  acids.  During  the  changes  due  to  the 
development  of  the  eggs  of  the  limnseus  or  water  snail,  the 
percentage  of  albumen  in  the  ova,  after  drying,  is  said  to  be 
diminished  from  95'2  to  91'8,  vdiilst  that  of  the  fatty  matter 
is  increased  from  'G  to  2'2  ; the  percentage  of  salts  is  increased 
from  4 to  6 (Burdach.)  It  is  further  alleged  that  albumen  is 
resolvable  into  glycogen  and  urea,  a change  which  is  supposed 
to  be  the  origin  of  the  sugar  formed  in  the  system  in  diabetes, 
at  least  when  no  starch  or  sugar  is  taken  in  the  food  (Haugh- 
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ton).  In  this  case,  the  albnniinoid  matter  is  supposed  onlj  to 
have  been  Etssimilated  into  the  blood,  not  to  liave  entered  into 
the  formation  of  tissue. 

If  albumen  be  broken  up  in  the  liver,  then  its  nou-nitro- 
genous  products  are  resolved  into  carbonic  acid  and  ivater  ; 
the  sulphur  appears  in  the  alkaline  sulphates,  except  -when 
it  passes  off  as  dj’slysin  in  the  solid  excreta,  whilst  the  nitro- 
genous bodies  ultimately  reach  the  chemical  condition  of  u?'ea. 
But  the  more  obvious  metamorphosis  of  the  albuminoid  bodies, 
is  that  which  consists  of  a series  of  retrograde  chemical  changes 
into  more  oxidised  nitrogenous  bodies,  such  as  creatin,  crea- 
tinin,  leucin,  tyrosin,  inosinic  acid,  sarcin,  xanthin,  hippuric 
acid,  and  uric  acid,  by  which  path  they  ultimately  reach  the 
condition  of  a substance  identical  with  cyanate  of  am- 
monia, and  which  has  also  been  regarded  as  a carbamide  or  a 
carbide  of  amidogen,  Avhich  contains  carbon,  hydrogen,  nitro- 
gen and  oxygen.  The  ammonia  found  amongst  the  saline  con- 
stituents, is  probably  always  derived  from  a fitrther  breaking  up 
of  urea. 

Albumen  may  be  artificially  decomposed,  by  acids  or  alkalies, 
or  by  spontaneous  changes,  into  leitcin,  tyrosin,  and  gly- 
cocoll,  all  which  nitrogenous  compounds  are  foitnd  in  the 
body,  especially  in  venous  blood,  and  in  the  lAer  and  spleen; 
whilst  creatin,  creatinin,  and  inosinic  acid,  are  found  in  actively 
exercised  muscles,  and  in  the  blood.  Creatinin  is,  of  ail  these 
substances,  the  nearest  to  urea,  and  is  readily  converted  into 
it,  by  assumption  of  the  elements  of  water.  Urea  itself  has 
been  found  in  the  muscles  of  certain  fishes.  Gelatin  and  the 
gelatinoid  substances,  behave  in  their  downward  metamorphoses 
like  albuminoid  bodies,  yielding  especially  urea,  but  no  sul- 
pihur  compounds.  It  is  doubtful  whether  they  ever  undergo 
an  upward  metamorphosis  into  albumen ; but  they  may  spare 
the  waste  of  this,  and  may  save,  and  even  nourish,  the  gelatin- 
yielding  tissues.  Large  quantities  alone  are  useful  for  this 
purpose ; when  much  gelatin  is  taken  in  the  food,  the  urea  is 
increased  in  the  urine,  the  specific  gravity  of  which  has  been 
knonm  to  rise  to  1034. 

One  important  inference  from  our  pre.sent  knowledge  con- 
cerning the  chemistry  of  the  food  in  the  body,  is  this : that  aU 
food  may  be  either  oxidised  after  being  merely  absorbed,  or  as- 
similated into  the  blood,  as  well  as  after  its  constituents  have 
been  converted  into  tissue.  This  is  sufficiently  obvious  as 
regards  carbonaceous  and  hydrogenous  food,  or  the  resjjiratory 
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food;  but  it  is  eqiially  true  of  the  plastic  albuminoid  and 
gelatinoid  substances.  The  excretion  of  lu-ea  is  not  so  much 
increased  by  muscular  exertion,  as  u'as  once  supposed,  but  it 
is  largely  augmented  by  an  excess  of  nitrogen  in  the  food  (E. 
Smith,  Voit,  Lehmann,  Fick  and  'Wiscilenus,  and  others). 
The  excess  of  any  substance  in  the  food,  bejmnd  that  ndiich  is 
necessary  for  the  tissues  and  for  respiration,  is  known  as  the 
luxus  consumption,  or  diet  of  luxurp ; it  reappears  in  an  in- 
creased excretion  of  urea,  carbonic  acid,  and  water. 

Interesting  deductions  may  be  drawn,  from  comparing  the 
destination  of  the  food  in  the  Herbivorous  and  Carnivorous 
animals.  In  the  Herbivora,  a very  large  proportion  of  the 
carbon,  hydrogen,  and  nitrogen,  of  the  food,  passes  off  undigested 
from  the  alimentary  canal;  whilst  in  the  Carnivora,  nearly  all 
the  food  constituents  are  absorbed  into  the  chyle  or  blood  Of 
the  carbon  which  thus  enters  the  blood,  the  ratio  of  that  given 
off  by  the  lungs  and  skin,  to  that  excreted  by  the  kidneys,  is. 
in  the  Herbivora,  about  as  30  to  1,  whilst  in  the  Carnivora,  the 
proportion  is  only  a-  10  to  1.  Of  the  hydrogen  absorbed,  a 
gTeater  relative  proportion  is  also  fotmd  in  the  cutaneous  and 
pulmonary  excretions,  in  the  Herbivora,  viz.  25  to  1,  as  com- 
pared with  the  urine ; but  in  the  Carnivora,  the  proportions  in 
the  ttrine,  as  compared  with  the  breath,  are  reversed,  being  as 
3'25  to  1.  The  nitrogen,  in  the  Carnivora,  passes  almost  ex- 
clusively into  the  urine,  the  proportion  to  that  in  the  skin  and 
lungs,  being  as  99  to  1 ; in  the  Herbivora,  the  ratio  is  only  as 
1’5  to  1.  The  excreta  in  a Carnivorous  animal,  represent  also 
the  excreta  of  an  animal  fed  on  a pure  He.di  diet ; but  those  of 
an  Herbivorous  animal,  exhibit  the  results  of  an  excess  in  the 
proportion  of  the  carbhydrates,  ^ iz.  an  increased  activity  of 
the  pulmonary  and  cutaneous  exhalations. 

It  must  further  be  observed  that  the  quantities  of  the  al- 
brtmiiroid  substances,  or  their  derivatives,  removed  in  a solid 
form  from  the  body,  in  the  mucus  and  unused  secretions  of 
the  digestive  canal,  in  the  epithehum  from  other  mucous  mem- 
branes, and  with  the  epidermis,  nails,  and  hair,  are  very  .small, 
and  escape  all  active  metamorphosis. 

Finally,  the  sum  of  all  the  chemical  changes  in  the  body, 
is  oxidation.  The  carbon  of  all  the  carbhydrates  and  liydro- 
carbons,  appears  as  carbonic  acid,  and  their  hydrogen  and 
oxygen,  as  water.  A portion  of  the  carbon,  hydrogen,  and 
oxygen,  of  the  decomposed  albuminoid  bodies,  also  appears  in 
the  excreta,  as  carbonic  acid  and  water-,  but  a considerable 
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portion  of  these  elements,  Avith  the  nitrogen,  is  discharged  in 
the  form  of  urea.  The  sulphur  and  phosphorus  produce  their 
respective  oxygen  acids.  For  these  changes,  a larger  ainomit 
of  oxygen,  beyond  that  contained  in  the  body,  is  needed ; and 
this  is  supplied  by  the  atmosphere  in  respiration.  It  has  been 
computed,  that  100  parts  of  dried  meat  require  167  parts,  by 
Aveight,  of  oxygen,  for  their  disintegration  in  the  body.  The 
results  appear  as  182  parts  of  carbonic  acid,  52  of  Avater,  and 
31  of  urinary  products;  Avhilst  only  2 parts  escape  unchanged 
li’om  the  alimentary  canal.  No  pure  carbon,  hydrogen,  or 
nitrogen,  is  evolved  from  the  body,  but  only  chemical  combi- 
nations of  these  elements,  Avith  oxj^gen,  or  Avith  each  other. 
Ammonia  is  one  of  these.  The  minute  quantities  of  carburetted 
and  snljAhuretted  hydrogen,  sometimes  disengaged,  are  probably 
direct  products  of  the  decomposition  of  the  food,  and  not  the 
results  of  vito-chemical  processes.  Of  the  carbon,  8’8  oz.  are 
eAmlved  as  carbonic  acid  from  the  lungs,  nearly  OT  oz.  from  the 
skin;  0'34  oz.  escape  by  the  urine,  and  0'71  oz.  by  the  solid 
excreta.  All  the  nitrogen  appears  in  the  two  latter  excretions, 
0-56  oz.  in  the  former,  and  OT  oz.  in  the  latter. 

The  so-called  respiratory,  calorific,  or  heat-giving,  elements 
of  the  food,  chiefly  enter  the  blood,  and  there  undergo  oxi- 
dation ; Avhilst  the  plastic,  histo-genetic,  or  tissue-forming 
elements,  unless  taken  in  excess,  first  build  up  the  blood 
corpiiscles  and  the  soHd  tissues,  and  then  undergo  oxidation  ; 
but  these  latter  in  reality  contain  fat  and  often  sugar,  Avhich 
may  be  immediately  oxidised  in  the  blood ; and  so  CA^en  an 
albuminoid  diet,  may  in  that  case,  act  as  respiratory  food.  This 
must  be  the  case  in  starAnng  men  and  animals,  in  animals  fed 
on  a pure  flesh  diet  freed  from  fat,  and,  to  a certain  extent,  in  all 
Carnivora.  On  the  other  hand,  the  carbhydrates  are  probable 
sources  of  fat ; and  fatty  matter  is  essential  to  plastic  or  histo- 
genetic  processes.  The  distinction  of  the  tAvo  classes  of  food 
is  therefore,  as  previously  stated,  inexact ; even  the  respiratory 
food  is  more  or  less  assimilated,  as  it  enters  the  chyle  and  the 
blood,  and  both  the  blood  and  the  chyle  are  fluid  parts  of  a 
tissue.  Hence  even  respiratory  food  is  plastic,  as  regards 
those  fluids. 


Effects  o f Deprivation  of  Food. 

When  an  animal  is  entirely  deprived  of  food,  or  Avhen  the 
quantity  supplied  is  insuflicient  to  compensate  for  the  Avaste  of 
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the  tissues,  the  weight  of  its  body  gradually  diminishes,  and  it 
ultimately  dies  of  inanition  or  starvation. 

The  phenomena  attending  this  condition,  have  been  best 
studied  by  Chossat. 

The  surface  of  the  animal's  body,  looks  paler  and  withered,  and  the 
skin  seems  wrinkled,  owing  to  the  disappearance  of  adipose  tissue. 
The  secretions  become  more  scanty  and  concentrated,  hence  the  mouth  is 
parched,  and  the  digestive  fluids  wanting ; but  the  gall-bladder  becomes 
distended  with  thick  tenacious  bile.  From  the  fir.st,  the  urine  is  scanty 
and  strongly  acid.  The  feces  are  much  reduced  in  quantity,  are  com- 
posed almost  entirely  of  greenish  biliary  matter,  and,  shortly  before 
death,  contain  an  excess  both  of  water  and  salts. 

Nutrition  is  interrupted  or  arrested.  A warm-blooded  animal  becomes, 
after  a time,  restless  and  excited,  and  continues  so  till  the  last  day  of 
life ; a sudden  fall  in  its  temperature  then  occurs,  and  it  passes  into  a 
state  of  almost  complete  insensibility.  Birds,  in  this  condition,  no  longer 
attempt  to  fly : they  sometimes  gaze  at  surrounding  objects,  sometimes 
seem  to  be  asleep.  The  pulse  and  the  respiration  become  gradually 
slower,  and  the  limbs  cold.  The  general  debility  increases,  until  at 
length,  being  unable  to  stand,  the  animal  falls  over  on  one  side,  and 
does  not  again  move.  Diarrhoea  always  comes  on  during  the  last 
twenty-four  or  forty-eight  hours  of  life,  and  is  attended  with  a peculiar 
foetid  odour  of  the  body,  a sign  that  decomposition  is  commencing.  The 
condition  of  stupor  gradually  becomes  more  profound,  dilatation  of  the 
pupil  ensues,  and  the  animal  dies,  death  being  sometimes  ushered  in  by 
violent  contractions  of  the  muscles  of  the  back,  so  that  the  body  is 
draw'll  backwards,  a condition  known  as  opisthotonos. 

All  the  organs  of  the  body  suffer  loss  both  in  volume  and  weight, 
though  in  very  different  degrees.  Death  usually  occurs  when  the 
animal  has  lost  about  ^ of  its  weight.  In  many  cases,  however,  the 
loss  of  weight  is  equal  to  more  than  |,  and  in  others  to  only  | of  that 
of  the  body.  This  appears  to  be  almost  entirely  dependent  on  the 
quantity  of  fatty  tissue  contained  in  the  body,  before  food  is  withheld, 
the  loss  of  weight  being  greater,  the  larger  the  amount  of  fat  previously 
in  the  S3'stcm. 

In  animals  which  had  lost  fL  of  their  weight,  it  was  found  that  A 
of  the  flit  had  disappeared,  A of  the  spleen,  A of  the  liver  and  pancreas, 
A of  the  heart,  muscles,  and  alimentary  canal — the  latter  at  the  same 
time  having  undergone  considerable  shortening — A of  the  kidneys,  A of 
the  respiratory  organs,  | of  the  bones,  A of  the  eyes,  and  only  A of  the 
nervous  substance"  Of  the  adipose  tissue,  the  fat  cells  remain,  the  con- 
tents alone  being  re-absorbed.  The  diminution  in  the  quantity  of  the 
blood,  is  verv great,  about  f of  it  disappiearing.  Young  and  thin  animal^ 
sufer  much  less  loss  of  weight,  but  they  die  sooner. 

The  duration  of  life  appears  to  be  but  little  affected,  whether  tin 
animal  be  allowed  to  drink,  or  whether  it  be  totally  deprived  of  water. 
It  has,  however,  been  shown  that,  if  a dog  be  kept  without  water,  the 
tissues  and  organs  lose  weight,  almost  in  the  same  ptroportion  as  if  it 
had  been  deprived  of  solid  food,  with  one  exception,  for  there  is  little 
diminution  in  the  adipose  tissue.  Every  tissue  becomes  drier ; but  the 
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glandular  organs  and  the  brain  do  not  suffer  so  much  as  the  other  parts. 
There  can  be  no  doubt  that  the  drinking  of  water  in  starvation,  prolongs 
animal  life.  Tlie  smaller  Mammalia,  and  Birds,  if  tliey  are  at  the  same 
time  deprived  of  drink,  usually  die  in  nine  days.  Cold-blooded  animals 
live  a long  time  without  food;  frogs  have  been  known  to  survive  nine 
months. 

As  shown  by  experiments  on  Birds,  the  effect  of  starvation,  is  to 
diminish  the  average  temperature  for  the  first  few  days  slightly,  but  as 
death  approaches,  very  rapidly,  the  fall  being,  in  the  last  twenty-four 
hour.s,  about  25°.  The  greatest  waste  of  tissue  occurs  in  the  fat,  whilst 
the  nervous  system  scarcely  experiences  any  loss ; so  that  the  lowering 
of  the  temperature,  and  the  fatal  result,  seem  to  be  due  to  the  loss  of 
oxidisable  material,  and  not  to  a destructive  waste  of  the  nervous  energy. 
The  fatty  nervous  substance  may  support  itself  at  tlie  expense  of  tlie 
adipose  tissue  ; and  this  may,  in  part,  account  for  the  great  waste  of  the 
latter.  The  effects  of  exhaustion  - in  long  continued  fevers,  may  be 
similarly  explained.  The  use  of  fat,  as  a restorativ’e  in  the  case  of 
starving  animals,  seems  to  be,  that  it  interposes  an  easily  oxidisable 
substance,  and  so  diverts  the  process  of  oxidation  from  the  albuminoid 
tissues  ; and,  in  ordinary  cases,  it  preserves  the  fat  already  stored  up  in 
the  body. 

In  the  human  subject,  death  from  starvation  is,  though  rarely, 
but  too  frequently  observed.  At  first,  there  is  acute  violent 
pain  over  the  region  of  the  stomach,  which  is  relieved  by  pres- 
sure. In  the  course  of  twenty-four  or  forty-eight  hours,  this 
passes  off,  and  is  followed  by  a sensation  of  weakness  and  sink- 
ing, which  is  principally  felt  over  the  same  part.  The  mouth 
becomes  dry  and  parched,  the  breath  is  hot,  the  eyes  are  wild, 
staring,  and  glistening,  and  there  is  sometimes  a distressing 
feeling  of  cold  over  the  whole  body.  One  of  the  mo.st  cha- 
racteristic symptoms  of  starvation,  is  the  intense  thirst,  which 
now  supervenes.  The  entire  body  becomes  reduced  to  a 
skeleton,  the  prominences  of  the  bones  are  visible  ; the  face  is 
pale  and  corpse-like  ; there  is  sinking  of  the  eyes  and  cheeks. 
A state  of  extreme  debility  ensues,  so  that  tlie  individual,  in 
attempting  to  walk,  totters  like  a drunken  man.  He  is  unable 
to  make  any  eftbrt,  and  sometimes  has  been  ob.served  to  whine 
and  burst  into  tears.  The  voice  gradually  becomes  feebler. 
The  weakness  increases  in  intensity,  and  delirium  supervenes. 
A peculiar  foetid  odour  emanates  from  the  body,  the  surface  of 
which  becomes  covered  with  a brownish  offensive  excretion. 
Occasionally,  the  mucous  membranes  of  the  different  openings 
of  the  body,  become  red  and  inflamed.  The  psychical  functions 
are  variously  affected  ; sometimes  imbecility,  at  others  idiocv, 
is  induced.  During  the  famine  in  Ireland  in  1847,  mania, 
which,  according  to  Kostau,  forms  a prominent  symjitom  in 
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starvation,  ^vas  never  obsen^ed  (Donovan).  A fit  of  maniacal 
delirium,  or  an  attack  of  violent  convul.sions,  Irequently,  and, 
indeed,  commonly,  precedes  death. 

The  bodies  of  persons  Avho  have  died  from  starvation,  present 
signs  of  great  emaciation,  with  dr}uiess  of  the  skin,  all  the  fat 
of  the  adipose  tissue,  and  so  much  fluid,  having  been  absorbed. 
The  stomach  and  intestines  are  empty,  and,  like  the  other  large 
viscera,  contracted  and  reduced  in  size  : their  mucous  mem- 
brane is  occasionally  found  ulcerated.  The  coats  of  the  small 
intestine,  become  very  thin  and  almost  transparent,  a condition 
considered,  by  some,  as  quite  characteristic  of  death  from  star- 
vation. All  the  organs,  except  the  brain,  are  almost  destitute 
of  blood.  The  large  vessels  connected  with  the  heart  and  lungs, 
are  collapsed  and  empty.  The  gall-bladder  is  distended  with 
bile,  and  the  neighbouring  parts  are  much  coloured  with  this 
fluid,  from  post-mortem  transudation.  In  some  cases,  the 
eyes  are  open,  and  exhibit  an  intense  red  colour,  as  if  they  had 
been  highly  inflamed,  resembling  what  is  sometimes  seen  in 
jtersons  who  have  died  from  exposure  to  cold.  Decomposition 
of  the  whole  bodjq  qtrickly  takes  place. 

The  time  that  a Man  can  live  without  food,  has  been  vari- 
ously estimated.  It  is  generally  supposed  that  a healthy  person, 
deprived  of  both  solid  and  liquid  food,  would  die  in  from  seven 
to  ten  days.  Cases,  however,  are  on  record  of  men  rvho  have 
lived  more  than  three  weeks,  without  touching  solid  food. 

DYNAMICS  OF  THE  HUMAN  PODT. 

The  chemical  processes  continuallj'  occurring  in  the  nutri- 
tion and  ivaste  cf  the  living  animal  body,  throw  light  upon 
many  other  phenomena  which  take  place  in  it.  Besides  these 
vito-chemical  processes,  it  exhibits  various  dynamic  acts,  viz. 
jmrely  dynamic,  as  in  the  performance  of  certain  internal  and 
external  mechanical  work,  by  nervo-muscular  action  ; thermic, 
as  in  the  evolution  of  animal  heat ; electric,  as  exemplified  in 
the  currerts  of  electricity  which  constantly  play  through  all 
living  nervous  and  muscular  substance,  and  in  the  more 
powerful  discharges  of  the  electilc  fishes ; and  lastly,  photic, 
illustrated  by  the  evolution  of  light  in  the  lower  animals. 
The  living  animal  bodj'  is,  according  to  this  view,  a machine, 
in.  and  by,  rvhich  certain  physical  work  is  performed. 

In  the  Inorganic  world,  chemical,  dynamic,  thermic,  electric, 
and  photic  phenomena,  are  also  continually  occurring.  They 


OEGANIC  AND  INOEGANIC  FOECES. 


SSI 


are  always  manifested  in  connection  with  certain  changes  in 
the  condition  of  a material  substratnm,  or  matter,  and  modern 
physicists  have  arrived  at  the  conclusion,  that,  however  differ- 
ent these  phenomena  may  be  from  each  other  in  their  outward 
manifestation,  they  may  be  referred,  not  to  a different  force  in 
each  case,  but  to  correlated  forces,  or  to  one  force,  or  energy, 
capal  le  of  acting  in  many  convertible  modes.  Each  mode  of 
manifestation  of  force,  has  been  experimentally  shown  to  be 
capable  of  giving  rise  to  the  others,  or  rather  of  changing  into 
them  ; for  it  disappears  in  so  doing,  and  equivalent  quantities 
of  those  other  modes  of  action,  are  then  called  into  play.  Thus, 
for  example,  arrested  mechanical  motion,  or  friction,  produces  a 
proportionate  quantity  of  heat ; whilst  heat,  in  the  expansion 
of  Avater  into  steam,  gfres  rise  to  motion.  Chemical  action,  in 
the  explosion  of  gunpoAvder,  produces  motion,  heat,  and  light, 
and  doubtless  also  electrical  phenomena,  Avhilst  the  moA'ing 
cannon-ball  dcA^elops  heat  as  it  strikes  the  target.  Electricity 
also  Avill  gfre  rise  to  chemical  action,  motion,  heat,  and  light, 
and  so  on.  Heat  and  all  these  other  actions,  are  modes  of 
motion,  either  of  the  masses  or  of  the  molecules  of  matter.  In 
the  various  conversions  of  one  into  the  other,  there  is  neither 
loss  nor  production,  but  merely  a transmutation  of  force. 

In  the  Organic  Avorld,  similar  manifestations  of  force  occur  : 
chemical,  dynamic,  thermic,  electric,  and  photic.  The  mate- 
rial sulstratura  concerned,  consists  of  carbon,  hydrogen,  ni- 
trogen, sulphur,  phosphorus,  oxygen,  and  so  forth,  all  being 
elements  Avhich  exist  in  the  inorganic  Avorld.  The  phenomena 
are  inAmriably  produced,  only  in  connection  AA'ith  certain 
changes  in  the  condition  of  these  elements  and  their  com- 
pounds. Hence,  it  seems  probable,  first,  that  these  organic 
manifestations  of  force,  are  likeAvise  correlated  Avithin  them- 
seh'es ; and,  further,  that  they  are  also  correlated  Avith  the  cor- 
responding manifestations  of  force  displayed  in  the  inorganic 
Avorld ; that  they  are  the  same  both  in  degree  and  kind ; and 
that  they  are  both  derived  from  a common  cosmical  energy, 
the  organic  modes  being,  fof  a time,  operative  in  a special 
sphere  of  action,  but  returnable  again  to  the  inorganic  store. 

By  including,  in  one  aucav,  the  A’^egetable  and  Animal  King- 
doms of  the  Organic  Avorld,  the  conAmrsion  of  inorganic  mate- 
rials into  organised  matter,  and  its  restoration  back  to  the 
inorganic  world,  may  be*  readily  traced.  The  carbonic  acid, 
the  ammonia  represented  in  the  urea,  and  the  Avater,  A\-hich, 
Avith  certain  salts,  are  the  idtimate  products  of  the  A'itc-chemical 
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processes  of  animal  life,  are  tlie  very  substances  needed  for  the 
nutrition  of  plants.  They  are  themselves  actually  unor- 
ganised, or  inorganic  ; they  are  assimilated  and  deoxidised  bv 
growing  plants,  under  the  influence  of  solar  light  and  the  for- 
mative agencies  of  the  vegetable  cells,  and,  besides  building  up 
those  cells,  they  are  combined  into  all  the  higher  chemical  pi-o- 
ducts  necessary  for  the  food  of  animals,  whether  amyloid,  oleoid, 
or  albuminoid.  The  Herbivorous  animals,  supported  by  these 
products,  transfer  them  to  the  Omnivorous  and  Carnivorous 
animals,  including  Man  himself  By  animals,  as  we  have 
seen,  these  various  products,  oxidised  by  the  air,  once  more 
revert  to  the  same  simple  chemical  compounds  destitute  of 
organisation.  Now,  the  elementary  substances,  which  enter 
into  the  ascending  or  progressive  metamorphoses  in  plants,  pass 
out,  after  their  ref?’ogressive  metamorphoses  in  animals,  wirli 
all  their  properties  and  qualities  unchanged.  Engaged  in  the 
organic  vortex,  vegetable  and  animal,  they  still  retain  their 
nature.  However  frequently  subjected  to  this  temporary  di- 
version from  the  inorganic  state,  they  are  unchanged.  It  is  dif- 
ficult to  sujDpose  that  in  their  condition  as  parts  of  organised 
bodies,  Amgetable  or  animal,  they  manifest  mere  similitudes  of 
their  inorganic  forces,  which  they  afterwards  lay  aside ; but 
it  is  easy  to  comprehend,  that  they  maj^  carry  with  them,  into 
their  new  position,  all  their  properties  and  energies,  and  exer- 
cise them  in  the  manifestation  of  those  phenomena,  which  are 
identical  in  both  Departments  of  Nature. 

The  methods  and  reasoning  employed  in  phvsical  research, 
in  the  examination  of  the  various  external  natural  jftienomena. 
may  be  applied  to  the  study  of  the  corresponding  phenomena 
in  physiological  science.  As  physico-chemical  action,  in  the 
inorganic  world,  is  correlated  with  mechanical  work,  heat,  elec- 
tricity, and  light,  so,  in  the  organic  world,  vito-chemical  changes 
may  equally  be  associated  with  nervo-muscular  or  dynamic, 
thermic,  electric,  and  photic  phenomena,  and  even  -ndth  the 
actions  usually  referred  to  the  so-called  nervous  force.  Thus,  a 
chemical  change  of  blood  or  tissue,  or  of  both,  is  essential  to 
muscular  and  nervous  action,  to  the  development  of  animal 
heat,  to  the  electrical  phenomena  of  living  bodies,  and  to  the 
evolution  of  light  in  animals.  So,  too,  certain  mechauical  work, 
performed  exclusively  within  the  animal  body,  must,  when 
completed,  pass  into  heat,  as  the  result  of  arrest,  coucussion, 
or  friction.  Heat,  again,  is  necessary  for  the  solvent  processes 
accompanying  the  digestion  and  absorption  of  the  food ; and 
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it  exercises  a well-known  influence  upon,  and  often  deter- 
mines, the  quantity  of  the  chemical  change  and  dynamic  work 
performed  in  the  body. 

Ill  the  Inorganic  ivorld  considered  exclusively,  gravitation 
and  solar  heat  are  the  chief  modes  in  which  force  is  manifested. 
The  evaporation  of  water  from  the  surface  of  the  earth,  its 
conversion  into  clouds,  its  descent  in  the  form  of  fogs,  rain, 
snow,  or  hail,  the  formation  of  glaciers,  mountain-streams,  and 
rivers  ; and  the  production  of  ascending,  descending,  and  hori- 
zontal currents  in  the  atmosphere,  are  the  evidences  of  these 
forms  of  energy.  Oxidation  and  other  chemical  changes, 
though  not  absent,  are  comparatively  inactive  in  the  present 
condition  of  the  inorganic  world. 

In  the  Organic  world,  however,  in  plants  and  animals, 
chemical  change  constitutes  the  most  essential  modes  or  forms 
of  force,  and  the  source  of  the  other  forms  of  force  manifested 
by  them.  Under  the  influence  of  certain  of  the  solar  rays,  dif- 
lering  from  the  simply  heating  rays,  viz.  the  luminous  and  the 
actinic  rays,  the  deoxidation  and  fixation  of  certain  elements, 
take  place  in  plants;  and  in  these  elements  so  fixed  and 
combined,  a force,  derived  from  the  solar  rays,  is  then  stored 
up.  In  animals,  again,  oxidation  is  the  essential  phenomenon, 
an  opposite  chemical  change  occurs,  the  force  stored  up  in  the 
animal  blood  or  tissues,  Avhich  is  but  a transfer  of  that  of  the 
vegetable  constituents  of  thefood, is,  together  with  the  force  pro- 
per to  the  oxygen  of  the  air,  then  liberated,  and,  by  the  special 
organic  apparatus  of  the  animal  body,  is  changed,  as  required, 
into  other  modes  of  action,  muscular,  nervous,  thermic,  diges- 
tive,’ or  excretoiy,  necessary  for  the  maintenance  of  animal 
existence.  In  supplementing  the  mechanical  forces  of  nature 
dep>endent  on  gravitation  or  solar  heat,  such  as  wind-  and  water- 
jDower,  Man  has  had  recourse  to  chemical  change,  as  a soiu'ce 
lor  the  production  of  heat  and  mechanical  force.  The  carbon 
and  hydrogen  of  coal  are  made  to  unite  Avith  oxygen ; from 
this  combination,  heat  is  evolved  ; by  this,  Avater  is  converted 
into  steam  ; and,  by  the  expansive  force  of  the  latter,  the  re- 
quisite motion  is  obtained.  An  obvious  comparison  is  here 
suggested  belAveen  a machine  and  the  body,  betAveen  the  force 
obtained  by  the  combustion  of  dead  matter  and  the  oxidation 
of  the  Ihdng  tissues ; and,  lastly,  between  the  Avorking  of  a 
steam  engine  and  the  muscular  movements. 

In  general  physics,  residts,  to  be  of  scientific  Amine,  must 
be  exjDressed  numerically.  The  quantity  of  fuel  and  oxygen 


554 


SPECIAL  PHYSIOLOGY. 


undei'going  change  in  combustion,  is  accnratelj  determined  bv 
weight  or  volume  ; the  relative  amount  of  heat  evolved,  is 
ascertained  and  recorded  ; and  if  the  heat  be  applied,  as  bj  ex- 
pansion for  mechanical  purposes,  the  value  of  the  Avork  it  per- 
forms is  exactly  measured.  By  such  means,  the  amount  of  each 
kind  of  force  manifested,  is  expressed  in  numbers,  so  that  their 
mutual  equivalents,  A\dien  they  are  transformed  one  into  the 
other,  can  be  determined.  The  introduction  of  this  method  into 
the  domain  of  physiology,  necessitates  the  determination  of  the 
quantity  of  matter  undergoing  change  by  oxidation,  and  of 
the  Avork  performed  by  it,  in  the  living  bodAn  The  results, 
hoAvever  incomplete,  are  full  of  interest  and  promise. 

In  comparing  the  animal  body  Avith  a machine  haA’ing  its 
source  of  poAver  in  combustion  or  chemical  changes,  it  is  usual 
to  make  this  distinction : in  the  latter,  the  force  is  entirely 
derh^ed  from  the  combustion  of  substances  introduced  into  the 
machine,  and  acts  upon  parts  of  the  machine,  themseh'es 
passive  in  the  work  ; Avhereas  in  the  former,  the  parts  of  the 
machine  not  only  perform  the  Avork,  but,  to  a certain  extent, 
their  very  matter  undergoes  the  changes  by  Avhich  the  force  is 
produced.  In  the  steam  engine,  the  heat  and  the  mechanical 
Avork  are  produced  by  the  dii-ect  transformation  of  fuel  distinct 
from  the  machine  itself ; in  the  animal  frame,  the  Avarmth  and 
motor  force  are  evoKmd  from  the  direct  transformation  of  the 
fluids  and  solids  of  the  living  apparatus.  As  aauII  be  here- 
after seen,  the  quantitA’  of  Avork  accomplished,  in  proportion  to 
the  amount  of  chemical  change  Avhich  takes  place,  is  far  greater 
in  the  animal  body  than  in  the  most  economical  steam  engine. 

But,  although  the  solids  or  fluids  of  the  animal  machine 
undergo  chemical  metamorphoses,  as  the  indispensable  con- 
dition of  its  action,  the  Avaste  occasioned  by  those  changes,  is, 
necessarilAq  ultimately  supplied  from  the  food.  If  food  be 
taken  in  excess,  as  in  the  luxus  consumption,  it  itndergoes 
oxidation  in  the  blood,  Avithout  passing  into  tissue  ; if  the 
([uantity  be  normal,  it  enters  both  the  blood  and  the  tissues, 
and  then  becomes  oxidised  ; lastly,  if  food  be  witlilield.  the 
blood  and  the  tissues  undergo  oxidation,  they  having  been 
themsehms  deriA'ed  from  preA'iously  assimilated  food.  The 
food  is,  in  the  last  resort,  the  source  and  measure  of  thepottvr 
engendered,  as  a consequence  of  oxidation  in  the  body.  Ac- 
cordingly, exact  numerical  estimates  of  the  AA'ork  accomplished 
in  the  human  body,  must  refer  both  to  the  amount  of  com- 
bustible or  oxidisable  material  in  the and  to  that  of  the 
products  of  its  oxidation  found  in  the  excretions. 
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The  two  moat  obvioxis  forms  of  work  performed  in  the  living 
human  body,  are  the  proper  dynamic  or  mechanical  work,  and 
the  ccdorijic  work.  Besides  these,  however,  there  are  tlie  nutri- 
tive work,  and  the  mental  woi'k.  The  mechanical  work  is  uervo- 
muscular,  and  is  associated  with  electric  work.  Some  of  it 
is  internal,  su  h as  that  of  the  respiratory  muscular  apparatus, 
especially  of  the  diaphi-agm  and  intercostal  muscles,  of  the  organs 
of  circulation,  the  heart  and  arteries,  and  that  of  the  pha- 
rynx, msophagus,  stomach,  intestines,  and  other  internal  mus- 
cular organs.  Other  internal  mechanical  work  is  that  per- 
formed by  the  muscles  which  maintain  the  position  of  the 
body,  by  the  muscles  of  mastication,  and  by  those  of  the  organs 
of  speech  and  sense,  and  also  the  tonic  contraction  of  the  whole 
muscular  system.  A very  large  part  of  the  mechanical  work 
is,  however,  ordinarily  external,  such  as  is  manifested  in  the 
movements  of  locomotion  and  labour.  The  proportion  of  the 
internal  to  the  external  work,  in  a labouring  man,  is  as  2 to 
1.  The  work  relates  to  the  formation  of  heat;  this 

is  generated,  as  we  shall  see,  either,  in  part,  directly  through 
the  oxidation  of  respiratory  food,  and,  in  part,  indirectly  ifom 
the  ultimate  transformation  of  the  mechanical  work  of  the 
body  into  heat;  or,  according  to  some,  it  is  entirely  derived  from 
the  latter  source.  The  nutritive  work  is  the  digestive,  absorp- 
tive, assimilative,  and  secretive  Avork,  liquefacient  or  solidi- 
lacient,  often  dialytic,  attractive,  or  repellent.  The  mental 
Avork  is  that  Avhich  is  involved  in  the  operations  of  the  brain, 
acting  as  the  bodily  organ  of  sensation,  emotion,  and  thought. 
The  A'olitional  Avork  of  the  brain,  and  the  non-volitional  Avork 
of  the  spinal  cord  and  ganglia,  in  controlling  the  voluntary 
and  involuntary  iiiuscles,  cannot  be  sejAarated  from  the  exter- 
nal and  internal  mechanical  AA'ork  performed  by  those  muscles. 
Besides  the  electric  Avork  in  Man  and  in  animals  generally, 
special  electric  Avork  is  performed  by  many  animals,  and  photic 
phenomena  are  manifested  by  a feAv. 

In  considering  the  relations  betAveen  these  forms  of  Avork  in 
the  human  body,  and  the  source  of  the  poAver  in  the  oxidation 
of  the  food,  the  folloAAung  data,  belonging  to  physical  science, 
are  usually  employed,  the  calculations  being  expressed  in  the 
French  metrical  system,  AAdiich  so  readily  adapts  itself  to  such 
uses. 

Measure  of  Heat,  or  Heat-  Unit. 

The  thermometer  merely  sIioaa's  the  relative  temperature  of  solid,  fluid, 
or  gaseous  substances.  The  actual  giiantities  of  heat,  necessary  to  pro- 
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duce  changes  of  temperature,  are  determined  by  the  apparatus  knovrn  as 
a calorbneter  ; and  the  quantity  needed  to  impart,  to  a definite  portion  of 
■water,  a definite  warmth,  is  taken  as  a quantitative  standard.  Thus  a 
quantity  of  heat  which  ■u'ill  raise  the  temperature  of  1 gramme  (1  cubic 
centimetre,  or  15'543235  grains)  of  water,  1°  centigrade  (1’8°  Fah- 
renheit), is  named  a heat-unit,  or  calorie.  Ten  such  heat-units  will 
raise  the  temperature  of  10  grammes  of  water  also  by  1°  C. ; hut,  acting 
on  smaller  quantities  of  water,  they  will  raise  their  temperatures  pro- 
portionally, as,  for  example,  5 grammes  by  2°  C.,  and  10  grammes  by 
1°  C.,  and  so  on,  of  lOO’s  or  1,000’s  of  heat-units. 


Mechanical  Coefficient,  and  Mechanical  Equivalent  of  Heat. 

Heat  may  produce  work  -n-hich  is  internal  and  direct,  as  in  the  lique- 
faction of  solids,  e.g.  in  the  melting  of  metals,  and  the  turning  of  ice  into 
water,  or  in  the  conversion  of  fluids  into  vapour,  as  of  water  into  steam, 
or  in  the  mere  expansion  of  fluids  or  gases,  as  of  mercury  or  air ; but  heat 
may,  also,  act  externally  and  indirectly,  as  occurs  in  the  employment  of 
the  expansive  force  of  steam  in  machines  or  engines  of  various  kuids.  The 
quantity  of  work  performable  by  heat,  is  verj-  remarkable.  Thus,  starting 
from  the  l/eat-unit  pre'viously  determined,  it  has  been  shown  by  Mayer, 
Joule,  Clausius,  and  others,  that  such  a heat-tmit,  viz.  the  quantity  of  heat 
which  will  raise  the  temperature  of  1 gramme  of  water  by  1°  centigrade, 
if  utilised  by  being  converted  into  mechanical  work,  is  equal  to  the 
lifting  of  the  same  weight  of  water,  viz.  1 gramme,  to  a height  variously 
estimated  at,  from  421  to  433  metres,  424  metres  being  the  number 
usually  adopted.  Conversel}’,  the  same  force  will  lift  424  grammes,  1 
metre  high  : or  twice  that  number,  viz.  848  grammes,  half  a metre : or 
half  that  number  of  grammes,  viz.  212,  to  a height  of  2 metres,  or  106 
grammes,  4 metres,  and  so  on  for  other  quantities,  larger  or  smaller. 
The  mechanical  coefficient  of  heat,  is  therefore  424,  and  the  mechanical 
equivalent  of  1 heat-unit,  is  expressed  as  424  metre-grammes.  For  larger 
weights,  metre-kilogrammes  are  used ; and  it  is  here  that  the  decimal 
notation  of  the  metrical  system,  is  so  useful.  Thus  1 kilogramme  of 
water  (1,000  grammes)  requires  1.000  heat-units,  to  raise  its  temperature. 
1°  centigrade  ; and  these  1,000  heat-units  will  lift  the  same  weight 
of  water,  vuz.  1 kilogramme,  424  metres  high  ; or,  conversely,  424  kilo- 
grammes, 1 metre  high ; 212  kilogrammes,  2 metres : or  106  kilogrammes, 
4 metres  high,  and  so  on.  The  mechanical  equivalent  of  l.OOO  heat- 
units  is  expressed,  therefore,  as  424  metre-7r//ugrammes  (met.  kils.l. 

In  English  works,  the  scale  of  temperature  employed  is  that  of  Fah- 
renheit, of  which  1'8°  are  equal  to  1°  cent. ; the  weight  is  the  lb.  av., 
of  which  2'2  are  equal  to  1 kilogramme,  and  the  measure  of  height  is 
1 foot,  of  which  3-28  are  equal  to  1 metre.  The  mechanical  equivalent 
of  a given  quantity  of  heat,  is  expressed  in  foot-pounds.  Thus  the  heat 
which  will  raise  the  temperatui’e  of  1 lb.  of  water,  l°Fahr.,  will  lift  that 
weight,  viz,  1 lb.,  to  a height  of  772  feet,  or  772  lbs.  to  a height  of  1 foot, 
and  so  on  ; hence  the  mechanical  coefficient  of  heat,  in  this  system,  is 
772,  and  its  mechanical  equivalent  is  expressed  as  772  foot-pounds 
(ft.  lbs.).  To  reduce  the  English  ft.  lbs.  into  the  French  met.  kils..  divide 
the  former  by  7 '2 16,  which  is  the  number  obtained  by  multipdying  the 
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number  of  po\mds  in  a kilogramme,  by  the  number  of  feet  in  a metre, 
viz.  2’2  X 3’28.  On  the  other  hand,  met.  kils.  multiplied  by  7'216,  are 
changed  into  ft.  lbs. 

Not  only  is  heat  convertible  into  mechanical  vcork,  but  mechanical 
■work  may  be  reconverted  into  heat,  and  the  same  equivalents,  as  before, 
express  the  ratio  between  them.  Thus  a mechanical  force  equal  to 
lifting  1 kilogramme  of  water  42f  metres  high,  will,  when  employed  in 
fi'iction,  blows,  or  othemrise,  develop  a temperature  equal  to  1,000  heat- 
units,  or  will  raise  the  temperatm’e  of  1,000  grannnes,  i.  e.  of  1 kilo- 
gramme of  water,  1°  cent.  In  friction,  for  example,  according  to  the 
physical  theory,  so  ably  expounded  by  Tyndall,  that  heat  is  a vibratory 
motion  amongst  the  molecules  of  matter,  the  resistance  arrests,  to  a 
certain  degree,  the  motion  of  masses  of  matter  rubbed  against  each 
other:  but  the  visible  motion  so  disappearing,  is  transferred  to  the  mole- 
cules, and  so  causes  the  invisible  motion  known  to  us  as  heat.  The 
frequency  of  these  vibrations,  increases  in  proportion  to  the  sensible  heat 
produced. 

Quantities  of  Heat  developed  hy  the  Chemical  Process  of  Combustion. 

In  order  to  be  able  to  determine  the  relation  between  chemical  force 
and  mechanical  work,  it  remains  to  be  ascertained,  what  is  the  amount  of 
heat  evolved  by  the  combination  of  piroportional  quantities,  or  atomic 
weights,  of  two  or  more  elementary  substances.  The  heat  evolved  in  the 
combustion  of  charcoal  with  oxygen,  is  thus  measured,  the  heat  itself 
being  supposed  to  be  the  result  of  an  almost  infinitely  rapid  motion  of  the 
combining  molecules,  through  almost  infinitely  minute  distances.  Ex- 
periments made  on  the  amount  of  heat  imparted  to  "n'ater  in  a calori- 
meter, have  established  the  fact,  that  very  different  amounts  of  heat  are 
given  off  by  burning  equal  weights  of  different  combustible  bodies.  The 
mode  of  estimating  these  varying  quantities,  is,  by  measuring  the 
heating  effects  produced  by  the  combustion  in  oxygen,  of  1 gramme 
weight  of  each  substance,  upon  the  standard  gramme  of  w-ater  employed 
in  the  calculation  of  the  heat-units  (Favre  and  Silbermann).  In  this 
■svay,  1 gramme  of  carbon,  in  combining  with  oxygen  in  the  act  of  perfect 
combustion,  to  form  carbonic  acid,  evolves  as  much  heat  as  will  raise 
the  temperature  of  8,080  grammes  of  ■n'ater,  1°  cent. ; in  other  words, 
it  evolves  8,080  heat-units.  Again,  1 gramme  of  hydrogen,  in  uniting 
with  oxygen  to  form  water,  evolves  34,462  heat-units.  Now,  carbon 
and  hydrogen  are  the  tw'o  chief  combustible  or  oxidisable  elements  of 
the  food,  the  blood,  and  the  solid  tissues ; the  nitrogen  passes  out  of  the 
body  unoxidised,  but  combined  in  the  urea.  Most  of  the  carbon  and 
hydrogen  escape  from  the  system,  completely  oxidised,  as  carbonic  acid 
and  water ; but  some  of  each  of  those  elements,  especiall}-  of  the  carbon, 
appear  combined  with  a little  oxygen,  and  also  -n-ith  the  nitrogen  in  the 
urea.  Moreover,  the  quantity  of  heat  given  out  by  combustible  bodies, 
appears  to  be  the  same,  -uliether  they  are  oxidised  slowly  or  rapidly. 
The  physical  data  just  explained,  may  therefore  be  applied  to  the  quanti- 
tative examination  of  the  relations  between  the  chemical  changes  occur- 
ring in  the  human  body,  and  the  amount  of  mechanical  and  calorific 
work  performed  in  it. 
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Calorific  Work  of  the  Body. 

The  number  of  heat-units  given  off  by  a dog  in  24  hoirrs, 
having  been  ascertained  to  be  393,000,  the  pumber  evolved, 
in  the  same  time,  by  ;■  Man  weighing  seven  times  as  much  as 
the  dog,  would  be  2,751,000  heat-units  (Despretz).  From 
calculations  ot  the  number  of  heat-units  given  off  by  the 
body  in  various  ways — by  radiation,  b_y  evaporation  of  water, 
and  by  the  Avarming  of  the  respired  air  and  excreta — it  has 
also  been  estimated  that  the  daily  loss,  and  therefore  the  dailv 
production  of  heat  by  it,  amormts  to  2,700,000  heat-units 
(Helmholz). 

Conqmrison  of  the  Daily  Amount  o f the  Animal  Heat,  with  the  Quantity  of 
Carbon  and  Hydrogen  oxidised  in  24  Hours. 

Nov,  the  quantity  of  carbon  in  the  daily  food,  according  to  Table  A 
at  p.  539,  is  9 93  oz.  or  28L2  grammes  ; the  quantity  of  hydrogen,  not 
already  combined  with  its  due  proportion  of  oxygen  in  the  carbhydrates, 
is  0-64  oz.  or  18  86  grammes.  Deducting  from  these,  the  quantities 
of  those  elements  contained  in  the  urine  and  solid  excreta.  Table  B. 
viz.  I'Oo  oz.  or  29'8  grammes  of  carbon,  and  0'2  oz.  or  6'3  grammes  of 
hydrogen,  there  remains  a residue  of  251 '4  grammes  of  carbon,  and  of 
12'56  grammes  of  hydrogen,  free  for  conversion  into  carbonic  acid  and 
water.  The  251'4  grammes  of  carbon,  multiplied  by  its  heat  coeificient 
8,080,  produce  2,031,312  heat-units:  whilst  12-56  grammes  of  hydrogen, 
multiplied  by  its  heat  coefficient  34.462.  give  432,842  heat-units,  the 
total  being  2,464.154  heat-units  ( Vierordt).  This  calculation  shows  a 
deficit  in  the  heat,  derivable  from  the  combustion  of  the  daily  food,  as 
compared  with  that  given  off  daily  by  the  body,  of  about  286,800  heat- 
units,  or  about  ^ only  of  the  total  estimated  quantity  of  heat  given 
off  in  the  day.  It  has  been  supposed  that  the  heat  evolved  by  the 
sulphur  and  phosphoi-us  oxidised  in  the  body,  woidd  go  far  to  meet  this 
deficit.  But  in  120  grammes  of  albumen,  the,  supposed  daily  supply, 
there  are  only  1’4  grammes  of  sulphur:  and,  as  the  heat  coefficient  of 
this  element,  is  2,307,  the  heat  from  that  source,  provided  all  the  sulphur 
were  oxidised,  which  is  not  the  case,  would  only  amount  to  about 
32,300  heat-units  ; the  phosphorus  would  yield  a somewhat  smaller 
number.  Moreover,  there  are  considerations  which  would  appear  to 
make  the  deficit  still  worse.  Thus,  although  the  hydrogen  of  the  starchy 
food,  is  excluded  by  Vierordt,  because,  being  present  with  oxygen  in  the 
proportions  to  form  water,  it  is  probably  already  so  combined,  and 
therefore  unable  to  evolve  any  frirther  heat  of  combustion,  yet  no 
deduction  is  made  for  such  hydrogen  as  may  be  balanced  by  the  oxygen 
in  the  ffitty  and  albuminous  food.  In  this  fat  and  albumen,  besides  the 
oxygen  which  passes  out  with  the  urea  and  the  solid  excreta,  sufficient 
exists  to  unite  -with,  and  so  neutralise  about,  2 grammes  of  hydrogen  ; 
and  if  it  be  so  combined,  a loss  of  heat  power  must  be  admitted,  of  about 
68,900  heat -units.  A small  quantity  of  the  carbon  and  hydrogen  of  the 
food,  also  disappears  unoxidised  as  carburetted  hydrogen.  It  is,  further- 
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more,  irsually  maintained,  that  a certain  quantity  of  chemical  action  is 
transformed  into  external  mechanical  work,  without  being  converted 
into  heat  in  the  body  ; and  this  quantity  has  been  estimated  as  high  as 

236.000  heat-units.  From  these  circumstances,  the  total  deficit  in 
the  heat-units  of  the  food,  as  compared  with  those  supposed  to  be  given 
off  from  the  body,  would  be  500,000,  i.e.  between  i and  | of  the  daily 
heat. 

This  discrepancy  may,  however,  be  fully  explained,  by  possible  errors 
in  the  larger  data.  Thus,  the  estimated  weight  of  the  human  body,  and 
therefore  the  number  of  lieat-units  producible  by  it,  in  proportion  to  the 
particular  dog  experimented  upon  by  Despretz,  may  be  too  large  ; or  the 
daily  supply  of  carbon  and  hydrogen  in  the  food,  may  be  underrated 
for  a man  of  the  estimated  weight.  Vierordt  himself  elsewhere  assumes 
only  2,500,000  heat-units  as  the  average  daily  quantity  evolved  by  an 
adult ; and  the  same  number  has  been  accepted  by  Carpenter  as  the  pro- 
bable number  for  a man  weighing  180  lbs.,  i.e.  much  above  the  average 
standard.  The  adoption  of  this  munber,  would  reduce  the  deficit  to 

300.000  heat-units,  which  woaild  be  provided  for,  by  a daily  addition  of 
37  grammes  of  carbon  in  the  food,  a quantity  which  would  be  contained 
in  3 oz.  of  starch,  or  1|  oz.  of  fat.  According  to  Playfair's  Tables  (p. 
663),  such  an  additional  quantity  is  actually  cousiuned.  The  results  of 
improved  methods  of  research  and  calculation,  therefore,  quite  support 
Lavoisier’s  chemical  theory  of  animal  heat. 

Mechanical  Work  of  the  Body. 

The  daily  working  power  of  a Man,  and  the  actual  mechanical  work 
done,  according  to  his  individual  strength,  must  vary  greatly  according  to 
the  exercise  or  labom-  he  undergoes.  It  is  said  that  a Man  can  raise 
100 lbs.,  1 foot  in  a second,  for  8 or  10  hoiu’S  in  the  day;  that,  on  level 
ground,  he  can  draw  610  lbs.  weight ; that  he  can  lift  286  lbs.  with  both 
hands,  and  support  on  his  shotilders,  330  lbs.  Tlie  daily  work  of  a Man, 
is  said  to  be  between  4 and  1 of  that  of  a horse.  More  exact  compu- 
tations show,  that  with  severe  labour,  the  daily  work  of  a Man  is  equal 
to  207,871  met.  kils.  or  1,500,000  ft.  lbs.  (Ranken) ; with  moderate 
labour,  it  is  not  more  than  66,518  met.  kils.  or  180,000  ft.  lbs.  (Ranken). 
The  work  performed  by  pedestrians,  has  been  estimated  at  109,570  met. 
kils.  or  790,720  ft.  lbs.  (Haughton).  In  marching,  a soldier  exercises 
a tractive  force  equal  to  A,  of  the  weight  of  his  body,  arms,  and 
accoutrements.  The  coefficient  of  traction,  is  therefore  expressed  as 
being  i of  the  weight  to  be  moved  ; hence  a soldier  weighing  150 
lbs.  with  60  lbs.  of  weight  to  carry,  and  marching  11  miles  per  day, 
performs  work  equal  to  107,560  met.  kils.  or  776,160  ft.  lbs.  (Playfair). 

Thus,  150 -e  60 -=-20  lbs.  x 11  x 5,280  feet=  776,160  ft.  lbs. 

The  mean  of  9 estimates  of  laborious  work,  according  to  various  au- 
thorities, is  105,606  met.  kils.  or  762,018  ft.  lbs.  This  represents  the 
daily  external  mechanical  work  of  the  body.  Of  the  interned  mechanical 
work,  a large  portion,  which  is  usually  referred  to  the  external  w-ork,  is 
that  which  poises  the  body  and  supports  it.  Next  to  this,  is  the  true 
internal  work,  of  which  the  most  is  performed  by  the  heart,  which  has 
been  estimated  by  one  authority  at  37,871  met.  kils.  or  273,280  ft.  lbs. 
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(Haugliton)  ; and  by  another  at  70,000  met.  kils.  or  492,520  ft.  lbs.  in 
24  hours ; the  daily  work  of  the  left  ventricle  alone,  is  estimated  at 
46,000  metre-kilogrammes  (Vierordt).  Another  estimate  gives  43,000 
met.  kils.  for  the  left  ventricle,  and  21,000,  for  the  right  ventricle, 
making  a total  of  64,000  (Bonders).  According  to  the  lowest  estimate, 
the  work  of  the  heart,  which  is  always  beating,  is  equal  to  more  than 
i,  and,  according  to  the  highest,  to  nearl)^  |,  of  the  total  daily  externa) 
work.  Taking  the  highest  estimate  of  the  heart’s  work,  and  adding  it  to 
the  mean  labour-work  of  Man,  as  above  estimated,  we  arrive  at  the  sum 
of  about  175,600  met.  kils.  To  this  must  also  be  conjoined,  the  work  of 
respiration,  i.e.  of  the  diaphragm  and  the  intercostal  muscles,  63.000 
met.  kils.  (Bonders),  the  work  of  the  digestive  organs,  and  other  in- 
ternal mechanical  work,  which  will  probably  raise  the  total  dailv 
mechanical  work,  external  and  internal,  performed  by  a man  engaged  in 
active  employment,  to  the  sum  of  250,000  met.  kils.  From  other 
calculations,  Vierordt  adopts  200,000  met.  kils.  but  exclusive,  as  it 
would  seem,  of  the  internal  work.  Again,  the  actual  mechanical  effort, 
or  work  accomplished  by  a muscle,  is  equal  to  the  product  of  the  weisht 
lifted,  multiplied  by  the  height  to  which  it  is  lifted.  Thus,  with  a 
frog’s  muscle,  Weber  found  that  5 grammes  were  lifted  27'6  millimetres, 
15  grammes  25'1  mm..  25  grammes  11  "45  mm.,  and  35  grammes  6'3 
mm.  The  products  of  these  numbers,  showing  the  work  accomplished  in 
each  case,  are  respective!}'  138,  376.  286,  and  220  gramme-mUtimetroi. 
Hence,  although  the  work  effected,  at  first  increases  with  the  load,  it 
soon  reaches  a maximum,  and  then  diminishes.  Since  ever}-  muscle 
becomes  exhausted  by  work,  and  requires  inteiwals  of  rest  for  reparation, 
it  is  necessary,  in  order  to  determine  the  actual  mechanical  work  accom- 
plished by  a Man  or  animal,  to  take  into  account  the  element  of  iime. 
In  this  way,  it  has  been  estimated  that  the  mechanical  work  of  a Man.  is 
represented  by  7 met.  kils.  per  second,  and  that  of  a horse,  by  from  60 
to  70  met.  kils.  Allowing  8 hours  workout  of  the  24.  the  daily  work  of 
a Man  would  be  201.600  met.  kils.  (Kedtenbacher).  The  average  work 
per  second,  throughout  the  day,  would  be  2'3  met.  kils. 

In  the  steam  engine,  the  amount  of  heat  evolved  by  the  fuel  con- 
sumed, is  sometimes  30  times,  and.  in  the  most  economical  engines.  20 
times,  greater  than  the  quantity  converted  into  useful  mechanical  work  ; 
theoretically,  the  utmost  available  mechanical  power  is  only  ^ part  of 
that  producible  by  the  heat  of  the  coal  consumed.  But  in  the  human 
body,  the  economy  of  combustible  material  is  much  greater.  The  total 
amount  of  heat  given  off  from  the  body,  in  24  hours,  has  been  shown  to 
be  from  2,500,000  to  2,750,000  heat-units.  The  former  or  smaller 
quantity  would  lift  a corresponding  number  of  grammes,  or  2.500  kilo- 
grammes, to  a height  of  424  metres  ; and  would  therefore  yield  a me- 
chanical equivalent  of  about  1,060,000  met.  kils.  or  about  5 times  as 
much  as  that  which  is  requisite  for  the  total  daily  work.  viz.  250,000 
met.  kils.  Vdiilst,  therefore,  in  an  engine,  i part  only  of  the  fuel  con- 
sumed is  utilised  as  mechanical  power,  4 of  the  food  absorbed  by  Man 
is  so  appropriated.  This  latter  proportion  agrees  with  Helmholz's 
calculations. 
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Relations  of  the  Kinds  of  Food,  to  the  Modes  of  Work. 

The  calorific  and  mechanical  work  of  the  body,  being  thus 
understood  to  have  their  immediate  source  in  the  power  stored 
up  in  the  food  and  in  the  oxygen  of  the  air,  and  which  is  set 
free  on  the  occurrence  of  chemical  combination  between  them, 
after  such  food  is  assimilated  into  blood  or  tissue, — it  may  be 
admitted  that,  allowing  for  certain  errors  of  calculation  and  de- 
ficiencies of  knowledge,  the  numerical  or  quantitative  method 
shows  that  sufficient  matter  is  oxidised  in  the  body,  to  account 
for  both  those  modes  of  work.  It  must,  however,  next  be  en- 
quired, what  are  the  relations  of  the  different  kinds  of  food  to 
these  tiuo  different  modes  of  work. 

It  has  long  been  obseiwed,  that  the  carbon  in  the  carb- 
hydrates  and  hydrocarbons,  or  amyloids  and  oleoids  of  the 
daily  food,  greatly  exceeds  that  contained  in  the  nitrogenous 
or  albuminoid  food.  In  Table  A,  p.  539,  the  ratio  is  shown 
to  be  7'64  to  2'29,  or  rather  more  than  3 to  1 ; the  number  of 
heat-units  developed  by  the  former,  would  of  course  be  pro- 
portionally large.  If  to  this  carbon,  be  added  the  hydrogen 
not  united  with  oxygen,  this  portion  of  the  food  seems  to  be 
the  obvious  source  of  calorific  power  in  the  body.  Vierordt 
remarks,  indeed,  that,  if  from  the  carbon  and  hydrogen  of  the 
nitrogenous  food,  enough  of  those  elements  be  deducted  to  form 
the  urea  excreted  by  the  kidneys,  a quantity  remains,  totally 
insufficient  to  develop  the  heat-units  necessary  for  the  calorific 
Avork  ; for  then  only  57'3  grammes  of  carbon  and  6‘3  grammes 
of  hydrogen,  A\dll  be  left,  Avhich,  multiplied  by  their  heat  co- 
efficients 8,080  and  34,4(50,  yield  a total  number  of  680,082 
heat-units,  which  is  only  about  of  the  required  daily 
amount,  viz.  2,500,000.  The  non-nitrogenous  food,  in  ac- 
cordance Avith  the  general  opinion,  is,  therefore,  regarded  as  the 
essential  source  of  the  animal  heat.  Indeed,  22  oz.  of  starch 
alone,  not  an  tmusual  quantity  in  certain  daily  dietaries.  Tables, 
p.  563,  Avould  yield  2,187,000  heat-units. 

As  regards  the  mechanical  work,  it  is  Avell-knoAvn  that  this, 
Avhether  internal  or  external,  involuntary  or  voluntary,  is  per- 
formed through  nervo-muscular  action ; that  this  implies 
fatigue  and  AA'aste  of  the  mu.scular  and  nervous  substance  ; that 
so  long  as  muscular  contractility  lasts,  so  long  do  oxidation 
changes  go  on  in  a muscle  (G.  Liebig)  ; that  a due  supply  of 
oxy'genated  blood  is  necessary  for  the  continuance  of  this  con- 
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tractility  ; and  that  the  quantity  of  carbonic  acid  contained  in 
the  venous  bloodreturning  from  muscles,  is  in  direct  proportion 
to  their  activity.  It  is  further  certain  that  the  muscular  and 
nervous  tissues  must  be  largely  supplied  by  the  nitrogenous 
or  albuminoid  portion  of  the  food.  From  these  lacts,  it  might 
■well  be  inferred,  that  the  mechanical  or  nervo-muscular  ■\vork 
of  the  body,  has  its  immediate  source  in  the  transformation 
and  oxidation  of  the  muscle  itself,  and,  therefore,  in  the  so- 
called  histogenetic,  plastic,  or  flesh-forming  nitrogenous  food. 
The  opinions  and  practice  of  agriculturists,  railway  contrac- 
tors, and  trainers  of  men  destined  for  athletic  sports,  further 
indicate,  that  a proportional  increase  in  the  quantity  of  flesh- 
Ibrming  food,  is  believed  to  be  necessary  for  animals  or  men 
engaged  in  severe  or  protracted  labour. 

The  teaching  of  Liebig,  on  these  points,  is  indeed  very  precise  and 
decided.  According  to  him,  the  hydrocarbons  and  carbhydrates  are  the 
exclusive  heat-formers  ; whilst  the  sole  source  of  mechanical  power,  is 
the  oxidation  of  the  nitrogenous  substance  of  the  muscles  and  nerves, 
built  up  again  by  the  albuminoid  or  plastic  constituents  of  the  food. 
These  views  have  been  ver}- generally  accepted,  and  have  been  especiaUj’ 
supported,  amongst  others,  by  Eanke,  Draper,  Playfair,  and  Odling. 
Draper  says  of  muscular  contraction,  that  it  may  be  supposed  to  be  due 
to  disintegration  of  the  sarcous  particles,  and  that  the  transformation 
of  muscle  by  oxidation,  may  be  the  condition  of  muscular  action.  Odling 
regards  the  combustion  of  the  carbon  and  hydrogen  of  fat,  as  liberating 
a force  exhibited  solely  in  the  form  of  heat : whilst  the  combustion  of 
an  equal  quantity  of  the  carbon  and  hydrogen  of  voluntary  muscle,  is 
expressed  cliiefiy  in  the  form  of  motion. 

Playfair  has  endeavoured  to  show,  on  numerical  grounds,  that  although 
the  chemical  combination  of  the  carbon  and  hydrogen  of  the  albuminoid 
food,  with  oxygen,  is  insufficient  to  account  for  the  calorific  work,  yet  it 
is  adequate  to  produce  the  mechanical  work  of  the  body.  Hence  he  con- 
cludes that  it  is  the  ultimate  magazine  of  force,  for  the  production  of  its 
dynamical  operations.  The  following  are  the  principal  facts  and  argu- 
ments to  which  he  directs  attention. 

Prom  numerous  English  and  foreign  sources,  he  has  collected  a series 
of  dietaries  actually  in  use,  under  various  conditions  of  rest  or  work,  of 
which  the  annexed  Table  A,  gives  only  the  mean  results.  The  starch 
equivalent  includes  the  actual  starch  of  the  food,  together  with  the  carbon 
and  h}'drogen  of  the  fat,  expressed  as  starchy  matter.  I part  of  fat  being 
considered  equal  to  2'I  parts  of  starch.  The  subsistence  diet,  is  that 
which  is  considered  necessary  to  support  life  in  a condition  of  rest,  or  the 
diet  necessary  for  the  vital  mechanical  work  of  the  body  : it  is  illustrated 
by  the  convalescent  diet  of  hospitals,  and  by  the  low  diets  of  ill-fed 
persons.  The  diet  needful  for  active  employment  in  health,  is  repre- 
sented by  the  diet  of  soldiers  during  peace.  An  improved  diet  necessary 
for  more  arduous  work,  is  that  given  to  soldiers  during  war.  The  diet  of 
active  labourers,  is  exemplified  in  that  of  the  corpis  of  Rot'al  Engineers 
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engaged  in  civil  employment.  Lastly,  a still  fuller  diet,  is  that  of 
labourers  and  others  employed  in  yet  more  continuous  and  heavy  work. 


A.  Mean  results  of  Dietaries  in  oz.  avoirdupois. 
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B.  Average  Quantities  in  oz.  of  different  Food  Constituents,  consumed 
under  different  conditions  of  rest  and  work  {Playfair). 
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The  subsistence  diet  in  Table  B,  is  supposed  to  show,  amongst  other 
facts,  the  quantity  of  albuminoid  food  consumed  in  the  performance  of 
the  absolutely  essential  internal  mechanical  work  of  the  body,  wLen  at 
complete  rest.  Taking  this  as  a datum  quantity,  the  additional  amoiints 
consumed  in  quietude,  in  full  health,  in  active  labour,  and  in  hard 
labour,  are  '5,  2'2,  3'5,  and  T'o  oz.  In  extreme  labour,  the  quantity 
of  flesh-formers,  is,  therefore,  more  than  trebled,  as  compared  with  the 
subsistence  diet.  The  starch  equivalent  is  also  increased,  being,  how- 
ever, only  doubled.  This  increase,  Playfair  considers  as  coincident  with 
the  additional  animal  heat  given  off  in  increased  exertion,  during  which 
all  the  functions,  digestive,  assimilative,  circulatory,  and  respiratory,  are 
much  excited.  An  increased  consumption  of  non-nitrogenous  food,  is  not 
only  demanded  by  an  increased  waste  of  the  nitrogenous  tissues,  but  it 
may  even  cause  the  latter,  by  exciting  the  animal  functions.  As,  for 
an  active  labourer,  3’5  oz.  seems  to  be  the  additional  amount  of  albu- 
minoid food  needed  beyond  the  subsistence  diet,  so  a horse,  when  at  work, 
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is  said,  by  Playfair,  to  consume  27  cz.  more  nitrogenous  food  than 
■when  at  rest.  The  proportion  bet-ween  these  superadded  quantities,  iu 
the  Man  and  the  horse,  is  about  1 to  Tj,  and,  as  already  mentioned,  the 
horse’s  daily  work  is  estimated  as  being  equal  to  that  of  7 or  8 men.  It 
is  further  stated,  that  the  work  of  a horse,  is  to  the  work  of  an  ox.  as 
1'43  to  1 ; whilst  the  total  albuminoid  food  consumed  by  those  two 
animals,  when  engaged  in  labour,  is  as  L46  to  1.  In  animals  fed  exclu- 
sively upon  a flesh-diet,  allowance  being  made,  when  necessary,  for  the 
fat  contained  in  it,  Bisehoff,  Pettenkofer.and  Voit,  found  that  the  carbon 
excreted  in  the  urea,  is  about  ith  of  the  quantity  given  off  in  the  form  of 
carbonic  acid ; hence  PlajTair  supposes  that  1 part  of  albumen,  if  oxi- 
dised by  100  parts  of  oxygen,  may  be  transformed  into  3’1,  or  about  3 
parts,  of  urea,  which  -n-ould  contain  3 of  carbon,  into  21  parts  of  carbonic 
acid,  which  would  contain  21  of  carbon,  and  into  13  parts  of  water.  The 
carbon  in  the  urea  and  carbonic  acid,  is,  here  also,  as  1 to  7.  Urea  itself 
is  regarded  as  a compound  of  carbonic  oxide  and  ammonia,  and  its  carbon, 
as  being  only  partially  oxidised.  Of  the  hydrogen,  three-fourths  are 
deducted,  as  being  either  already  combined  with  oxj-gen,  or  as  belonging 
to  the  ammonia.  The  heat -units  are  accordingly  calculated  for  so  much 
carbonic  acid,  carbonic  oxide,  and  water,  and  also  for  sulphuric  acid  formed 
by  the  sulphur  of  the  albumen.  One  ounce  of  albumen,  437'5  grains, 
or  28'35  grammes,  if  thus  decomposed,  would  yield  126,500  heat-units, 
the  mechanical  equivalent  of  which,  i.s  53.762  met.  kils.  Hence  the  2 oz. 
of  flesh-formers  in  the  subsistence  diet,  -^vould  afford  107,524  met.  kils. 
of  work,  which  exceeds  the  essential  vital  -n'ork  performed  in  the  body 
in  the  condition  of  convalescence,  the  ■\vork  of  the  heart  representing 
the  largest  item  of  the  internal  mechanical  or  -vital  work,  being  taken 
at  37,781  met.  kils..  which,  however,  is  too  small  an  estimate.  Again, 
the  3i  oz.  of  additional  albuminoid  food  consumed  by  the  active  labourer, 
are  mechanically  equivalent  to  188.167  met.  kils.;  whilst  the  mean 
amount  of  laborious  -\vork,  is  only  equal  to  105,605  met.  kils.  Lastly, 
the  5t  oz.  of  albuminoid  food  consumed  by  the  active  labourer,  yield 
295.691  met.  kils.;  whereas  his  total  mechanical  work,  external  and 
internal,  is,  as  we  have  seen,  only  250,000  met.  kils  Even  if  each  of 
the  above-mentioned  mechanical  equivalents  of  the  albuminoid  food,  be 
reduced  by  one-twelfth,  for  that  which  passes  off  in  the  solid  excreta  with- 
out undergoing  combustive  change,  still,  in  each  case,  enough  power  re- 
mains, derived  from  the  oxidation  of  the  albuminoid  food,  to  execute 
the  mechanical  work,  whether  internal  or  external,  performed  by  the 
body. 

It  is  maintained  by  Playfair,  that  the  blood  cannot  be  the  source  of 
the  motor  pou'er,  but  this  opinion  is  open  to  question.  The  quantity  of 
fat  in  muscular  tissue,  only  2 per  cent.,  is  too  small  to  accomplish  it. 
The  fat  in  the  heart,  could  only'  yield  10,157  met.  kils..  whilst  the  work 
of  the  heart  is  estimated  as  equal,  at  least,  to  37.780  met. kils.  In  4 oz. 
of  dried  flesh,  there  would  be  150  grains  of  fat,  which  would  yield  36.888 
met.  kils.,  whilst  that  amount  of  muscular  substance  itself,  would  yield 
214,544  met.  kils.  The  fat  of  muscle  being  therefore  wholly  inadequate 
to  produce  the  mechanical  work,  it  is  presumed,  by  Playfair,  that  the 
larger  quantity  yielded  by  the  muscle  itself,  must  be  regarded  as  its 
source.  Moreover,  the  fatty  substances,  as  we  know,  are  wanted  for 
heat-giving  purposes.  They  are  required,  we  may  add,  to  supply  the 
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waste  of  the  nervous  substance  in  muscular  action ; and  the  fat  in  the 
muscles,  may  protect  them  from  oxidation,  when  no  movement  is  taking 
place  ; hut  fat  alone  cannot  act  vicariously  as  a substitute  for  albumi- 
noid food.  In  starving  animals,  the  fat  wastes  graduallj’  day  by  day, 
undergoing  oxidation  at  an  equal  dail}*  rate,  whilst  the  muscle  wastes 
irregularly,  at  first  slowly,  then  more  uniforml}',  hut,  at  the  approach  of 
death,  very  slowly  indeed,  the  mechanical  work,  external  and  internal, 
being  reduced  to  a minimum. 

The  amount  of  albumen  allowed  in  the  dietary  of  Vierordt  (p.  539), 
after  deducting  the  urea,  and  j^th  for  loss  by  the  solid  excreta,  would 
jdeld  680,000  heat-units,  or  a mechanical  equivalent  of  264,152  met. 
kils.,  a quantity  closely  corresponding  with  the  amoimt  obtained  by 
Playfair’s  calculations,  and  likewise  exceeding  the  estimated  total  daily 
mechanical  work  of  250,000  met.  kils. 

The  small  balance  of  unemployed  force,  is  regarded  by  Playfair  as 
proving  the  extreme  economy  of  the  operations  of  the  limng  body.  If. 
indeed,  the  mechanical  work  derived  from  the  chemical  energy  developed 
in  the  oxidation  of  34  oz.  of  excess  of  albuminoid  food,  viz.  188,167  met. 
kils.,  be  compared  with  the  external  mechanical  work  of  an  actively  em- 
ployed labourer,  105,605  met.  kils.,  the  proportion  of  actual  work  to  the 
total  producible  energy  is  about  as  1 to  14.  In  comparing  the  total  work 
performed,  250,000  met.  kils.,  with  the  total  heat  produced  from  all  the 
food,  295,691  met.  kils.,  more  than  |thof  the  chemical  energy  developed 
are  utilised,  instead  of  4th,  as  estimated  by  Hehmholz,  and  others,  and 
instead  of  ^th,  as  is  the  case  in  the  best  steam-engines.  Every  particle 
of  energy  developed  in  the  body,  is  probably,  in  some  way,  usefully 
employed. 

The  researches  of  the  Eev.  Dr.  Haughton  on  excreted  pro- 
ducts, taken  as  the  measure  of  work,  bear  on  tliis  question 
of  the  source  of  motor  power  in  the  body.  By  determining 
the  quantities  of  urea  excreted  by  the  kidneys,  under  different 
circumstances  of  rest  and  labour,  he  endeavours  to  ascertain 
the  potential  energy  represented  by  the  urea,  considered  as  a 
product  of  the  decompo.sition  of  the  albuminoid  tissues.  The 
work  of  the  body,  is  classified,  by  him,  into  vital,  mental,  and 
mechanical.  These  he  supposes  to  be  represented  respectively, 
by  the  daily  excretion  of  297,  217,  and  136‘5  grains,  making 
a total  of  650'5  grains  of  urea  ; the  total  daily  amount  ex- 
creted by  a person  engaged  in  very  active  bodily  and  mental 
work,  is,  therefore,  650’5  grains.  In  routine  labour,  he  infers 
that  400  grains  of  urea  are  sufficient  to  represent  the  vital  and 
mechanical  work  ; but,  in  higher  work,  he  allows  533  grains 
of  urea;  and  regards  575  grains,  as  the  average  for  a healthy 
actively  engaged  adult.  As  1 part  of  urea  represents  3T  parts 
of  dried  albumen,  this  daily  average  quantity  of  urea,  viz.  575 
grains,  represents  3'9  oz.  of  dry  albuminoid  food  ; 400  grains, 
2’8  oz. ; and  650  grains,  4’3  oz.  This  quantity  is  thus  ap- 
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portioned  by  Haughton  ; for  the  vital  5vork,  297  grains,  repre- 
senting 2 oz.  of  albumen;  for  the  mental  work,  217  grains, 
representing  1’4  oz. ; and  for  the  mechanical  work,  136'5  grains, 
representing  '9  oz.  To  raise  these  quantities  into  the  actual 
qitantities  of  albuminoid  food  consumed,  -prth  more  must  be 
added,  in  each  case,  for  the  albumen  eliminated,  unchanged,  in 
the  solid  excreta.  Then  it  will  be  seen  that  the  quantity  of 
urea  taken  to  represent  the  vital  work,  is  more  than  equal  to 
the  flesh-formers  in  the  subsistence  diet  of  Playfair.  But  the 
quantity  said  to  cori'espond  ^yith  the  external  mechanical  work, 
is  insufficient,  representing,  even  with  an  addition  of  T^rth,  less 
than  1 oz.  of  albuminoid  food ; whilst  the  mechanical  5vork  of 
an  active  healthy  adult,  demands,  according  to  Playfair,  an 
extra  quantity  of  2 ’2  oz.  of  flesh-formers,  beyond  the  sub- 
sistence diet.  The  large  quantity  allotted  to  mental  work,  is 
perhaps  excessive,  and  may  supply  the  deficiency ; for  the 
quantity  of  albumen  corresponding  with  the  total  amount  of 
urea,  is  4’4  oz. ; this,  with  its  superadded  would  more 

than  equal  the  full  diet  of  Playfair,  though  it  would  not  ap- 
proach the  5'5  oz.  diet  of  the  active,  much  less  the  6‘5  oz.  of 
the  handworked,  labourer. 

But  the  estimates  of  Haughton,  as  to  the  quantity  of  urea 
excreted  daily  under  conditions  of  labour,  are  less  than  the 
quantities  which  have  been  observed  by  others.  The  quantity 
in  convalescence,  and  in  cases  of  starvation  or  hunger-cure, 
ranges  from  263  to  300 grains;  the  average  quantity  in  health, 
appears  to  vary  from  560  to  580  grains;  and  the  quantity 
excreted  daily,  by  hard-worked  labourers,  has  been  found  to 
differ,  according  to  their  work  and  food,  from  600  to  700  or 
800  gi’ains.  In  Hammond’s  experiments  on  himself,  whilst 
withortt  exercise,  the  quantity  of  urea  excreted  daily,  was  487 
grains,  and  of  uric  acid  24'9  grains, — the  quantities  of  those  two 
substances  excreted  in  moderate  exercise,  were  682T  grains, 
and  13'7  grains ; and,  in  h;ird  exercise,  as  much  as  865  grains, 
and  8'2  grains.  The  quantity  of  urea  which  corresponds  with 
5'5  oz.  of  albuminoid  food,  the  active  laboiuer’s  diet,  is  735 
grains.  The  estimates  of  Haughton  are  evidently  low ; if 
augmented,  in  accordance  Avith  the  observations  of  others,  as 
to  the  increase  in  the  urea  excreted  during  full  exercise,  and 
with  a full  diet,  they  might,  at  first,  appear  to  harmonise  Avith 
the  vieAv,  that  the  chemical  energy  developed  by  the  oxida- 
tion of  the  albuminoid  food,  is  the  source  of  all  the  mechanical 
Avork  performed  in  the  body.  The  production  of  the  urea,  is 
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not  supposed,  by  itself,  to  develop  the  energy  rerpiired ; but 
this  substance  is  an  index  to  the  quantity  of  albuminoid  sub- 
stance oxidated,  in  the  body,  into  urea,  carbonic  acid,  tvater, 
and  sulphuric  acid.  This  urea  can  be  easily  separated  and 
weighed  ; but  the  carbonic  acid  and  water,  derived  from  the 
partial  oxidation  of  the  albuminoid  food,  mi.xing  with  the 
much  larger  quantities  derived  from  the  carbhydrates  and 
hydrocarbons,  completely  escape  measurement. 

But  the  theory  of  Liebig  (18T2-51),  as  to  the  special  source  of  the 
motor  power  of  the  system,  thus  illustrated  by  arguments  and  calcu- 
lations, derived  from  an  advanced  state  of  knowledge  concerning  the  re- 
lations between  chemical  action,  heat,  and  motion,  is  opposed  by  many 
authorities,  especially  by  Mayer,  Traube,  Bonders,  Heidenhain,  more  re- 
cently by  Fick  and  AVislicenus,  and,  in  England,  by  Lawes  and  Gilbert, 
and  by  Frankland.  The  experiments  of  Lehmann,  Ed.  Smith,  AMit, 
BischofF,  Speck,  and  Dr.  Parkes,  have  assisted  much  to  elucidate  this 
subject. 

It  was  long  ago  maintained  by  Mayow,  of  Bath  (1681),  that,  for  the 
occurrence  of  muscular  action,  combustible  material,  fat,  must  be  con- 
veyed by  the  blood  to  the  muscles,  together  with  some  principle  derived 
from  the  air  in  respiration.  According  to  Mayer,  of  Bonn  (184o).  an 
early  observer  in  the  field  of  quantitative  research  as  regards  heat  and  its 
relations  to  other  forms  of  force,  a muscle  is  not  the  material  by  the 
chemical  change  of  which,  mechanical  work  is  produced  ; but  an  appa- 
ratus by  means  of  which,  the  transformation  of  force  is  accomplished. 
If  the  former  were  true,  he  argues  that  the  heart  would  be  completely 
oxidised,  in  doing  its  own  work,  in  8 days.  He  believes  the  capillaries 
of  the  muscle,  to  be  the  seat  of  the  actual  changes,  and  the  blood  to 
be  the  fuel  consumed.  Traube  also  has  distinctly  tauglit,  that  the  sub- 
stances, by  the  burning  of  which,  force  is  generated  in  the  muscles,  are 
not  the  albuminoid  constituents  of  those  tissues,  but  non-nitrogenous 
substances,  either  fats  or  carbhj’di-ates.  Bonders  and  Heidenhain  coin- 
cide in  these  views. 

It  has,  moreover,  been  found  that  the  amount  of  urea  excreted,  is  regu- 
lated, not  so  much  by  the  exercise  taken,  as  by  the  quantity  of  albuminoid 
food  which  is  consumed.  Hence  much  of  this  substance  must  be  formed 
independently  of  the  metamorphosis  of  muscle ; and  therefore  Haughton's 
estimates  of  it,  as  a measure  of  work,  become  seriously  invalidated. 
Lastly,  much  uncertainty  prevails,  as  to  the  accuracy  of  the  data  em- 
ployed for  the  calculations  of  the  heat  given  oflP  in  the  oxidation  of 
albuminoid  food,  and,  therefore,  as  to  the  correctness  of  the  deductions 
from  them,  made  by  A’’ierordt,  Playfair,  and  others.  Thus,  Lawes  and 
Gilbert  (1862)  observed,  that  of  two  pigs  fed,  one  on  lentils,  which 
contain  4 per  cent,  of  nitrogen,  and  the  other  on  barley,  which  con- 
tains only  2 per  cent.,  the  excreta  of  the  former  - jdelded  twice  as 
much  nitrogen  as  those  of  the  latter ; from  which  they  infer  that  the 
quantity  of  urea  excreted,  i.e.  of  albuminoid  substance  decomposed,  is  no 
guide  to  the  amount  of  work  done,  the  exercise  taken  having  been  the 
same  in  each  case,  but  that  it  depends  on  the  quantity  of  nitrogenous 
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food  consumed.  They,  moreover,  conclude  that  some  of  the  muscular 
power  depends  on  the  oxidation  of  non-nitrogenous  substances.  Again, 
the  researches  of  Edw.  Smith,  Voit,  Lehmann,  Bischoif,  and  Parkes, 
indicate  that  the  urea  excreted,  bears  no  definite  relation  to  the  labour 
performed  ; and  that  in  prolonged  exercise,  the  increase  of  rirea  is  very 
small.  The  effects  of  treadwheel  labour,  serve  only  to  increase  the  quan- 
tity of  urea,  by  19  grains  in  21  hours,  as  compared  with  that  eliminated  in 
easy  labour  (Smith).  In  fasting  animals,  the  effects  of  increased  exertion 
are  also  very  slight  as  regards  the  urea,  and  seem  to  be  regulated  by 
the  periods  of  ingestion  of  water,  and  by  the  increased  respiration  and 
circulation,  rather  than  by  the  direct  waste  of  the  voluntary  muscles 
(Voit,  Bischoff). 

Lastly,  the  experiments  of  Dr.  Edw.  Smith  prove,  on  the  other 
hand,  that  the  production  of  carbonic  acid  does  increase,  strictly  in 
accordance  with  the  exercise  taken.  During  sleep,  the  quantity  exlialed 
in  an  hour  was,  in  his  own  case,  19  grammes  ; whilst  lying  down  before 
sleep,  23  ; in  a sitting  posture,  29  ; whilst  walking  two  miles  an  hour, 
70-6  ; in  walking  three  miles  an  hour,  100'6  ; and  upon  the  treadwheel, 
lifting  his  body,  28’65  feet  in  a minute,  as  much  as  189'6  grammes  per 
ho\u-. 

The  recent  observations  of  Pick  and  AVislicenus,  on  the  results 
of  a certain  amount  of  work  performed  by  themselves,  also  point  to 
the  conclusion,  that  muscular  effort,  on  a non-nitrogenous  diet,  does  not 
increase  the  quantity  of  urea  excreted  from  the  body ; moreover,  they 
conclude  that  the  oxidation  of  the  quantity  of  albuminoid  substance,  or 
plastic  nitrogenous  material,  which  would  correspond  with  the  urea  and 
other  nitrogenous  compounds  then  excreted,  does  not  yield  sufficient 
piotential  energy  to  perform  the  work  accomplished.  The  mechanical 
work  undertaken  by  them,  was  the  ascent  of  the  Farilhorn,  a mountain 
in  the  Bernese  Oberland.  From  the  middle  of  the  day  before,  until  the 
ascent  was  completed,  no  albuminoid  food  was  taken,  so  that  no  excess, 
or  hcxus  consumption,  might  interfere  with  the  experiment.  During  11 
hours  of  the  night  previous  to  the  ascent,  the  quantities  of  urea  excreted 
by  them  respectively,  were  by  Fick,  12-5,  and  by  Wislicenus,  11-7.5 
grammes.  During  the  7 hoiu’s  and  lO  seconds  occupied  in  the  ascent, 
or  work-hours,  i.e.  from  10  min.  past  5 a.m.  to  20  min.  past  1 p.m,.  the 
quantities  were  7'  and  6'7  grammes.  During  the  next  5 hours  and  40 
min.  of  rest,  or  after  work,  in  which  an  abundant  meal  of  meat  was  con- 
sumed, the  quantities  were  o'  and  o'l  grammes.  The  quantity  of  urea 
excreted  per  hour  was,  therefore,  increased  during  exercise  on  a non- 
nitrogenous  diet.  In  determining  the  relation  between  the  quantity  of 
albuminoid  substance  decomposed,  and  the  mechanical  work  performed, 
they  take  into  account  npt  only  the  urea,  but  the  whole  nitrogen  eliminateil 
in  a more  or  less  oxidised  form,  and  they  find  that  this,  during  the  actual 
period  of  work,  would  represent  in  F.  22'09S,  and  in  AV.  20'S9  grammes 
of  albumen.  The  minute  trace  of  nitrogen  given  off  from  the  skin,  is 
neglected,  and  so  is  the  larger  quantity  contained  in  the  fseces. 
because  it  passes  off  in  almost  unoxidised  compounds.  The  possible 
3'etention  in  the  system,  of  some  partially  oxidised  albuminoid  sub- 
stances, such  as  creatin,  is  admitted  ; but  to  compensate  for  this,  they 
add  a quantity  of  albeimen,  equal  to  the  nitrogen  excreted  in  the  period 
of  after  work,  making  the  respective  totals,  37'17  and  37'  grammes  of 
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albumen  oxidised.  The  heat  given  out  by  the  oxidation  of  these  quan- 
tities in  the  body,  is  unknown  ; hut  from  avowedly  imperfect  data,  and 
making  the  fullest  possible  allowance,  they  conclude  that  the  energy 
obtainable  from  its  oxidation,  might  be  for  F.  250,000,  and  for  W. 
219,000  heat-units  ; gmng  respectively  106,250,  and  105,825  met.  kils. 
of  mechanical  power.  Now  the  chief  work  actually  performed  by  tliem, 
was  lifting  the  weights  of  their  bodies,  as  clothed,  through  the  height  of 
the  mountain  ; this  is  measurable  by  multiplying  the  former  by  the  latter. 
Thus  F.  exerted  a force  of  66  kil.  x 1,956  metres  = 129,096  met.  kils., 
and  W.  a force  of  76  kil.  x 1,956  metres  = 118,696  met.  kils. ; if  to  this, 
be  added  the  internal  work  of  respiration  and  circulation,  the  totals 
are  for  F.  159,637,  and  for  W.  181,287  met.  kils.  These  results  show, 
therefore,  that  the  mean  work  performed,  in  proportion  to  the  power 
derivable  from  the  oxidised  albumen,  w’as  as  3 to  2.  It  is  well  known, 
however,  that  much  other  work  is  performed  in  the  exercised  body, 
wliich  does  not  contribute  directly  to  the  external  work  performed ; and 
Heidenhain  has  computed  that  only  one  half  of  the  energy  of  the  force- 
generating  processes,  is  really  used  as  work.  Hence,  double  the  amount 
of  work  was  actually  performed  in  the  bodies  of  F.  and  W.,  or  319,271  and 
368,571  met.  kils.  ; in  other  words,  the  I’atio  of  work  performed,  to  the 
power  derivable  from  the  consumption  of  albuminoid  substances  in  the 
body,  was  as  3 to  1.  Since,  therefore,  it  is  impossible  for  the  oxidised 
albumen,  to  he  the  sole  and  exclusive  soirrce  of  the  power  manifested  in 
the  work  of  the  bodj',  to  which  it  can  contribute  so  little,  they  conclude 
that  the  oxidation  of  non-nitrogenous  substance,  must  yield,  at  least, 
the  larger  proportion  of  the  force  required,  not  only  for  the  production 
of  heat,  but  also  of  mechanical  motion.  Moreover,  since  it  is  improbable, 
that,  in  so  delicately  an  organised  apparatus  as  the  muscular  tissue,  two 
sorts  of  decomposition  should  occur,  for  the  purpose  of  liberating  the 
same  force,  they  believe  that,  as  non-nitrogenous  substances  are  decom- 
posed _/or  that  purpose,  those  only  are  decomposed.  The  nitrogenous  sub- 
stances of  the  muscle,  however,  simultaneously  undergo  waste  or  wear, 
and  thus  yield  urea.  In  conclusion,  they  show  that  the  resemblance  of  the 
living  animal  body  to  a steam-engine,  is  more  close  than  is  usually 
admitted ; the  muscle  is  an  apparatus  for  burning  its  appropriate  fuel, 
the  hydro-carbons  and  carbhydrates,  in  the  same  manner  as  an  engine 
burns  its  proper  fuel,  coal  or  coke ; in  action,  the  muscle  does  not 
specially  oxidise  itself,  any  more  than  the  engine  is  burnt ; but  in  action, 
both  the  muscle  and  the  engine  undergo  wear.  In  use,  the  wear,  in 
either  case,  is  not  much  increased,  but  the  consumption  of  fuel  is 
decidedly  greater.  It  is  possible,  they  remark,  either  that  non-nitrogenous 
substances  in  the  muscle,  act  as  the  combustibles,  or  that  they  pass 
through  the  muscle  in  a,rapjul  stream,  their  particles  being  immediately 
oxidised,  and  then  carried  away. 

The  general  conclusions  of  Fick  and  Wislicenus,  are  strengthened  by 
the  subsequent  researches  of  Dr.  Frankland,  who  has  also  supplied  more 
secure  data,  for  estimating  the  heat-units  produced  bj'  the  oxidation  of 
albuminoid  substances  in  the  body.  It  was  admitted  by  the  German 
physiologists,  that  these  could  not  be  equal  to  the  heat-units  evolved  by 
the  combustion  of  the  separate  elements  of  albumen  out  of  the  body, 
although  they  allowed  that  quantity  in  their  calculations.  By  mixing  a 
certain  quantity  of  deprived  of  fat,  albumen,  and  urea,  all  dried  at 
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212°  F.,  with  chlorate  of  potash,  deflagrating  the  compounds,  and  measur- 
ing the  heat  evolved,  by  its  effect  in  raising  the  temperature  of  water,  Dr. 
Frankland  shows  that  1 gramme  of  each  of  these  substances  respectively 
evolves,  5,103,  -1,998,  and  2.206  heat-units.  Now,  as  the  muscular  sub- 
stance is  imperfectly  oxidised  in  the  body,  forming  urea,  or  some  still  less 
completely  oxidised  material,  it  can  only  yield  the  above-mentioned 
number  of  heat-units,  minus  the  number  producible  by  the  quantity  of 
the  imperfectly  oxidised  nitrogenous  substances  into  which  it  is  converted 
in  the  system.  Albuminoid  bodies,  in  undergoing  decomposition,  yield 
about  ird  their  weight  of  urea.  Hence,  using  the  above  given  data.  1 
gramme  of  dried  muscle  oxidised  in  the  body,  would  yield  5103  — ^^^, 
or  5103  — 735  heat-units  = 1368  heat-units,  or  1818  met.  kils.  of  mecha- 
nical power ; for  1 gramme  of  pure  albumen,  the  results  are  1263  heat- 
units,  or  1805  met.  kils.  of  force.  Applying  these  data  to  Fick  and  IVisli- 
cenus’  experiments,  it  will  be  found  that,  as  they  eliminated  respectively, 
nitrogen  equal  to  37'17  grammes,  and  37  grammes  of  albuminoid  sub- 
stance, the  available  energy  they  produced  would  be  only  68.690.  and 
68,376  met.  kils. ; whilst  their  computed  work  was  319,271  and  368,571 
met.  kils.  The  mean  ratio  of  the  work  performed,  to  the  power  derivable 
from  the  oxidation  in  the  body  of  the  nitrogenous  substance  of  muscle, 
was,  therefore,  less  than  they  had  supposed,  viz.  as  5 to  1. 

Again,  if  the  method  devised  by  Frankland,  for  measuring  the 
energy  derivable  from  tlie  oxidation  of  albuminoid  substances  in  the 
body,  be  correct,  then  the  determinations  of  Haughtou  and  Playfair  are 
inadmissible.  Moreover,  appl3dng  the  same  data  to  the  observations 
of  Edw.  Smith  on  prisoners  working  on  the  treadwheel,  to  those  of 
Haughton  on  men  engaged  at  shot  drill,  and  to  those  of  Playfair  on 
fully  employed  labourers,  Frankland  found  that  the  work  accompilished 
was,  in  the  first  case,  nearly  2 to  1,  in  the  second  case,  more  than  2 to  1, 
and  in  the  last  case,  1-3  to  1,  in  proportion  to  the  force  indicated  bv 
the  excreted  nitrogen ; and  yet,  in  each  of  these  cases,  unlike  the  experi- 
ments of  Fick  and  Wislicenus  on  themselves,  the  food  contained  a large 
amount  of  nitrogenous  substances,  which  increased  the  quantity  of 
nitrogen  eliminated.  Fick  and  AVislicenus  intentionally  consumed  a 
non-nitrogenoiis  diet. 

Dr.  Frankland  agrees  with  the  previous  conclusions,  that  the  trans- 
formation of  muscle  tissue,  is  almost  entirely  independent  of  the  amounf  of 
w^ork  performed  ; that,  in  Man,  non-nitrogenous  substances  must  be  the 
chief  source  of  the  energy  which  is  transformed  into  muscular  work ; 
that  the  muscle  is  an  apparatus  in  which  this  energy  is  evolved,  at  the 
exjrense  of  hj'dro-carbonaceous  fuel,  or  a machine  for  converting  potential 
energy  into  mechanical  force,  and  that  it  does  not  undergo  much  more 
waste  when  in  action,  than  when  at  comparative  rest.  Besides  this,  he 
believes  that  the  oxidisable  material  does  not  require  to  be  pireHously 
organised  or  made  part  of  the  muscle,  but  onh-  to  be  digested  and 
assimilated  into  the  blood,  of  which  it  forms  a part.  He  conceives  that 
the  materials  of  the  food,  together  with  oxygen,  circulate  in  the  blood 
going  through  the  muscle,  and  that  when  the  latter  is  quiescent,  no 
chemical  action  takes  place  ; but  that  when  a muscle  is  excited  to  act 
by  a nerve,  the  nerve  force  determines  the  oxidation  of  non-nitrogenous 
matters  in  the  blood,  and  so  sets  free  potential  energy,  partly  acting  as 
heat,  and  partly  as  motion.  Dr.  Frankland  admits,  however,  that 
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nitrogenous  matters  ma}'  also  be  emplo3'ed  for  this  purpose,  as  is 
illustrated  by  the  work  performed  by  men  and  animals  fed  on  flesh 
diet.  But  ordinary  flesli  contains  much  fatt}"-  matter. 

Dr.  Parkes  has  observed  the  effects  of  exercise  and  rest,  under  dif- 
ferent diets,  on  the  excretion  of  urea,  over  longer  periods  than  those 
noticed  by  Pick  and  Wislicenus.  His  results  likewise  show,  that  on  a 
5to?i-nitrogenous  diet,  exercise  produces  no  increase  in  the  excretion  of 
nitrogen  ; that  less  urea  is  excreted  during  the  period  of  actual  work; 
and  that,  the  elimination  of  nitrogen,  is  regulated,  rather  by  the  character 
of  the  diet  than  bj"  the  amount  of  exercise.  The  subjects  of  observation 
were  two  healthy  soldiers,  whose  normal  daily  standard  of  excretion  of 
nitrogen,  was  first  ascertained  during  a period  of  six  daj’s.  in  wliich  they 
took  their  ordinaiy  food  and  exercise.  Fur  two  days,  they  consumed 
non-nitrogenous  food,  and  I’ested ; the  urea,  and  the  total  nitrogen  ex- 
creted, then  fell  to  a mean  of  less  than  one-half  the  normal  quantity, 
and  yet  the  men  lost  weight.  They  next  returned  for  four  days,  to  their 
ordinary  diet  and  occupation ; the  nitrogen  excreted,  as  urea  and  other- 
wise, immediately  increased  from  day  to  day,  but  did  not,  on  the  last  day, 
reach  its  normal  standard ; and  the  total  quantity  excreted  in  the  four 
days,  was  less  than  half  of  that  eliminated  in  four  of  the  first  six  days ; 
some  nitrogenous  food  was  apparently  retained  for  the  nutrition  of  the 
tissues,  or  to  supply  the  nitrogenous  Islood-material  expended  in  the  two 
days  of  non-nitrogenous  diet.  For  the  next  two  days,  the  men  again  took 
a non-nitrogenous  food,  but  instead  of  resting,  they  underwent  full 
exercise,  walking,  on  the  first  day,  23  76,  and  on  the  second,  32'78 
miles ; the  food  satisfied  the  sense  of  hunger  which  was  felt ; much 
fatigue  was  experienced,  especiallj'  on  the  second  daj';  the  excretion  of 
nitrogen  decreased  during  the  first  thirtj’-six  hours,  but  in  the  succeeding 
twelve  hours,  which  were  hours  of  rest,  it  showed  a marked  increase ; 
the  pulmonary  and  cutaneous  excretions  increased,  the  former  100.  and 
the  latter  60  per  cent. ; the  men  lost  weight.  Finally,  being  allowed 
their  usual  diet,  with  ordinary  exercise,  the  quantity  of  urea  again  rose 
daily,  and  at  last  surpassed  the  normal  quantity.  The  chief  difference 
in  these  results,  as  compared  with  those  of  Pick  and  Wislicenus,  whose 
observations  were  not  sufficiently  prolonged,  is  in  the  increased  excretion 
of  nitrogen,  during  the  hours  of  rest,  after  severe  exercise  on  a non-nitro- 
genous diet.  This  may  merely  show  that  the  effects  of  the  changes  taking 
place  in  the  muscles  during  exercise,  are  slow  to  manifest  themselves  in 
the  excreta.  The  diminution  in  the  nitrogenous  excretions,  during  actual 
work,  on  a non-nitrogenous  diet,  may,  as  Parkes  suggests,  be  owing  to 
nitrogen  being  then  retained  and  used,  and  not  to  the  entire  absence  of 
decomposition  in  the  muscular  tissues. 

In  subsequent  experiments  on  this  subject.  Dr.  Parkes  found  that, 
upon  an  ordinarj^  mixed  diet,  containing  a daily  quantity  of  about  19'6 
grammes  of  nitrogen,  rather  less  of  that  element  was  excreted  during  the 
early  periods  of  exercise,  and  during  actual  exercise,  than  during  rest, 
especially  dming  the  rest  immediately  after  work,  when  the  quantity  rose, 
so  as  to  be  excessive.  He  suggests  a new  explanation  of  the  facts,  viz. 
that  a muscle  increases  in  size  when  in  action,  then  appropriating  more 
nitrogen  than  it  loses ; but  that,  when  it  is  at  rest,  it  lessens  in  bulk, 
losing  more  nitrogen  than  it  appropriates.  Muscular  movement  is  re- 
garded as  due  to  a process  of  formation,  and  repose  as  accompanied 
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by  disintegration.  The  non-nitrogenous  substances  surrounding  the 
ultimate  muscular  elements,  undergo  change  during  the  action  of  the 
muscle;  the  effete  products,  chiefly  of  those  non-nitrogenous  substances, 
as  Ranke  and  others  have  supposed,  arrest  the  muscular  contraction ; 
a period  of  rest  follows,  in  which  the  effete  products  are  removed,  and 
nitrogen  is  eliminated ; and  the  muscle  is  once  more  fit  for  action.  This 
view  explains  most  of  the  facts  very  well ; it  is  also  in  accordance  with 
experience,  as  to  the  necessity  of  nitrogenous  food  for  persons  engaged 
in  prolonged  muscular  work  ; and  j'et  it  admits  that  the  changes  in  the 
nitrogenous  elements  of  muscle,  are  inadequate  to  produce  the  move- 
ment, and  refers  these  to  the  chemical  energy  evolved  by  some  neigh- 
bouring non-nitrogenous  substances. 

The  views  of  Liebig,  as  to  the  separate  and  exclusive  sources 
of  heat  and  motion  in  the  animal  economy,  are,  therefore, 
controverted  by  more  recent  knowledge : it  is  certainlv  dis- 
proved, that  the  disintegration  of  muscular  substance,  is  the 
only  source  of  muscular  potver ; and  it  is  equally  proved  that, 
in  Man,  and  probably  in  Omnivmrous  animals,  the  oxidation 
of  non-nitrogenous  materials  is  its  chief  source.  But  the 
chemical  potvers  of  the  living  animal  economy,  have  perhaps 
been  underrated  ; and  a priori  theories  may,  in  both  direc- 
tions, limit  too  much  our  notions  respecting  them.  Carnivorous 
animals,  as  would  appear  from  the  observations  of  Lawes  and 
Gilbert  on  fattening  animals,  of  Savory  and  others,  upon  rats 
and  dogs  fed  on  a flesh  diet  exclusively,  have  the  power  of 
splitting  up  albuminoid  bodies  into  fats  and  certain  nitrogenous 
compounds.  If  so,  this  fat  on  being  oxidised,  may  become  the 
source  of  motor  power.  Besides,  as  albuminoid  bodies  are  un- 
doubtedly oxidised  in  the  body,  they  must  furnish  potential 
energy  transformable  either  into  heat  or  motion.  It  seems 
impossible  to  believe,  with  Dr.  Frankland,  that  the  Mood  o)il>/, 
and  not  the  nervo-muscular  substance  also,  is  oxidised  in  the 
ju'oduction  of  muscular  force  ; or  to  deny  that  nitrogenous 
sirbstances  may  also  yield  force,  as  well  as  heat.  Work  is  well 
performed,  for  a short  time,  on  a non-nitrogenous  diet,  but 
fatigue  is  at  last  felt,  and  nifrogenous  matter  must  be  wasted ; 
otherwise  it  would  not  be  retained  in  unusual  quantity,  when 
nitrogenous  food  is  again  taken,  after  a temporary  abstinence 
from  it.  Nitrogenous  food  must  therefore  be  supplied,  pro- 
bably, in  accordance  with  the  amount  of  work  done  fParkes). 
A muscle  may  be  a machine,  and  the  blood  circulating  throizgh 
it,  the  fuel ; but  being  a living  tissue,  it,  and  its  nerves  and 
controlling  nervous  centres,  waste,  or  they  would  not  become 
fatigued  and  exhausted  by  Avork.  A mu.scle  probably  Avastes 
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more  than  a machine  wears.  This  waste  may  depend  largely 
on  the  loss  of  the  hydrocarbons,  and  carbhydrates,  in  the 
muscle,  and  the  nerves,  yet  the  more  abundant  nitrogenous 
substances  in  them  must  likewise  participate  in  the  exhaustive 
process.  Before,  too,  we  accept  Dr.  Parkes’  view  as  to  mus- 
cular action  being  accompanied  by  an  absorption  of  nitrogenous 
substance,  and  by  growth,  it  becomes  necessary  to  determine 
the  amount  of  brain-,  spinal-cord-,  and  nerve-substance,  which 
is  consumed,  or  changed,  in  all  motor  acts.  This  is  probably 
considerable,  and  possibly  largely  affects  the  fatty  matter  of 
those  organs.  Might  not  this  oxidation,  together  with  the 
nutritive  changes  accompanying  it,  explain,  in  part,  the  in- 
creased evolution  of  carbonic  acid  during  exercise?  By  oc- 
cupying the  oxygen  in  the  blood,  it  might  also  account  for 
there  being  less  to  act  upon  the  muscular  tissue.  Yet,  we  know 
nothing  of  the  amount  of  change  in  the  nervous  substance 
considered  separately. 

The  exact  destination  of  the  potential  energy,  liberated  by 
the  double  process  of  oxidation  of  nitrogenous  and  non- 
nitrogenous  materials,  which  undoubtedly  takes  place  in  mus- 
cular motion,  cannot  at  present  be  precisely  pointed  out.  In 
Man,  the  latter  substances  undergo  far  more  abundant  decom- 
position than  the  former,  and,  as  remarked  by  Frankland, 
whilst  the  nitrogenous  materials  are  only  partially  oxidised, 
being  discharged  as  urea,  and  retaining  about  ^th  of  their 
potential  energy  unexpended,  the  non-nitrogenous  substances 
yield  all  their  energy  in  the  body,  being  oxidised  perfectly  as 
carbonic  acid  and  water. 

There  are  many  facts  which  indicate  the  necessity  for  large 
amounts  of  non-nitrogenous  food,  for  the  due  performance  of 
muscular  work.  It  is  in  the  larval  stage,  that  Insects  gene- 
rally consume  the  most  albuminoid  food,  and  perform  the  least 
amount  of  work,  whilst,  in  the  perfect  condition,  as  in  bees, 
butterflies,  and  moths,  their  muscular  activity  is  remarkable, 
although  their  food  is  almost  purely  saccharine  or  non-nitro- 
genous ( Verloren).  The  goat,  chamois,  gazelle,  and  many  other 
Euminants,  are  singularly  swift  and  active  creatures  ; their 
food,  however,  is  not  highly  nitrogenous,  but  chiefly  consists 
of  carbhydrates.  It  is  not  probable  that  the  muscular  work 
in  any  of  these  cases,  is  pertc)rmed  by  the  oxidation  of  albu- 
minoid matters  only  ; for,  in  that  event,  the  muscles,  especially 
the  minute  ones  of  Insects,  Avould  soon  be  entirely  oxidised, 
and  could  not  be  restored  by  the  scanty  supply  of  nitrogen  in 
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the  food.  The  remarkable  provisions  for  digesting  the  cai'b- 
hydrates  and  rendering  them  absorbable,  appear  therefore  to 
have  reference,  not  only  to  their  use  as  heat-givers,  but  also  as 
sources  of  motor  potver.  The  production  of  sugar  from  starch, 
is  a universal  action  of  the  saliva  of  all  animals,  and  long- 
continued  digestion  in  the  Euminant  stomach,  tviU  even  change 
the  cellulose.  It  has  been  remarked,  that  the  chief  food-manu- 
factures are  concerned  with  non-nitrogenous  articles  of  diet ; 
that  eggs  contain,  when  dried,  40  per  cent,  of  fatty  matter ; 
that  fat  is  always  present  in  meat ; that  the  poor  consume 
much  bacon-fat ; and  the  rich,  who  eat  most  albuminoid  food, 
likewise  take  more  butter,  sugar,  and  alcohol  (Lawes  and 
Gilbert).  The  use  of  bacon  by  the  agricultural  labourer, 
has  given  rise  to  a familiar  epithet  for  him.  The  chamois- 
hunters  prefer  a store  of  bacon-fat  and  sugar,  to  any  other 
provisions,  on  a hunting  expedition  ; and  Fick  and  Wislicenus 
ascended  the  Faulhorn  on  non-nitrogenous  diet,  without  special 
fatigue.  But,  on  the  other  hand,  Parkes  found,  that  on  the 
second  day  of  severe  exercise,  on  a non-nitrogenous  diet, 
healthy  soldiers  complained  of  unusual  fatigue.  Practically, 
it  would  seem  that  sufficient  nitrogenous  food  being  supplied 
for  the  nutrition  of  the  muscular  and  nervous  system,  then  the 
most  effective  diet  for  a labourer,  is  that  which  contains  a large 
proportion  of  non-nitrogenous  substances.  Athletes  should 
train  on  meat,  but  enter  into  their  contests,  upon  amylaceous, 
saccharine,  or  fatty  food. 

Dr.  Frankland  has  extended  his  method  of  determining  the 
heat-units  by  defliigration  with  chlorate  of  potash,  to  various 
articles  of  diet,  in  order  to  test,  in  this  Avay,  their  mechanical 
ecptivalents,  or  motor  values.  The  actual  energy  of  a given 
Aveight,  1 gramme,  of  each  substance,  Avhen  burnt  out  of  the 
body,  is  ascertained  by  experiment;  and,  in  the  case  of 
albuminoid  bodies,  the  energA^  Avhich  Avould  be  developed  from 
them,  Avhen  oxidised,  in  the  body,  is  calculated,  by  deducting 
the  energy  remaining  in  a corresponding  quantity  of  m'ea. 
The  folloAving  Table  gh-es  some  of  the  results : 

According  to  this  mode  of  estimating  the  value  of  food,  as 
compared  Avith  that  Avhich  regards  its  composition  only  (p.  115). 
cheese  still  retains  a very  high  position,  being  inferior  only  to 
oils,  fats,  butter,  and  cocoa  nibs.  It  appears,  moreoA'er,  that 
•55  parts  of  fat  are  equal  to  1‘15  of  cheese,  to  I'.'l  of  pea  meal, 
to  3'5  of  lean  beef,  and  to  5 parts  of  potatoes. 
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Value  of  Food  as  a Source  of  Motor  Power  (Frankland). 


Article  of  Food 
in 

natural  condition 

Met.  Kils.  of  Force, 
from  1 Gramme 
oxidised  in  the 
body 

Weight  in  ozs. 
required  daily,  to 
support  the  move- 
ments of  respiration 
and  circulation 

Cod  Liver  Oil 

3,857 

1*0 

Beef  fat  (dry) 

3,841 

1*5 

Butter 

3,077 

1-8 

Cocoa  nibs  .... 

2,902 

1-9 

Isinglass  (dry) 

1,914 

— 

Cheese  (Cheshire)  . 

1,846 

3- 

Oatmeal ..... 

1.665 

3-4 

Arrowroot  .... 

1,657 

3-4 

Flour  ..... 

1,627 

3'5 

Peameal  .... 

1,598 

3-5 

Bice  ..... 

1,591 

3-6 

Gelatin  (dry)  .... 

1,650 

3-6 

Sugar  ..... 

1.418 

3-9 

Egg  (yolk)  .... 

1.400 

3-9 

„ (hard-boiled)  . 

966 

5'8 

Bread-crumb  .... 

910 

6-4 

Ham,  lean  (boiled) . 

711 

7-9 

Mackerel  .... 

683 

8-3 

Beef  (lean)  .... 

604 

9-3 

Veal  (lean)  .... 

496 

11-4 

Stoiit  ..... 

455 



Potatoes ..... 

422 

13-4 

Whiting ..... 

335 

16-8 

Bass’s  Ale  .... 

328 

— 

Apples 

273 

20-7 

Milk 

266 

21-2 

Egg  (white)  .... 

244 

23-1 

Carrots  ..... 

220 

25-6 

Cabbage 

178 

31-8 

Transformation  of  Mechanical  into  Calorific  Woi'h  in  the 
Body. 

Every  kind  of  internal  work,  whether  vital,  mental,  nervo- 
muscular  or  mechanical,  electric  or  nutritive,  excepting  the 
solvent  processes,  ultimately  passes  into  heat  within  the  body. 
The  purely  external  mechanical  work  is  thought  by  some,  how- 
ever, to  be  an  exception  ; but  this  is  not  entirely  so  ; it  is  only 
the  case,  when  motion  is  communicated  to  external  matter.  At 
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the  moment  of  action  of  a muscle,  indeed,  an  inverse  proportion 
exists  between  the  work  accomplished  and  the  heat  produced. 
A muscle  develops  more  heat,  when  it  cannot  shorten  itself,  so  as 
to  produce  external  movement  or  work  ; as,  for  example,  when 
a person  attempts  to  move  an  overwhelming  weight,  or  over- 
come an  unyielding  resistance,  as  compared  -with  the  effect  of 
free  action  in  lifting  a movable  weight.  Any  effort  or  motion 
which  is  stopped  or  resisted,  or  which  disappears  in  any  way, 
passes  necessarily  into  heat;  even  the  electric  currents  in 
muscles  and  nerves,  when  tliey  are  lessened  by  disturbance,  or 
rest,  contribute,  however  slightly,  to  raise  the  temperature  of 
an  acting  muscle,  and  therefore  of  the  body.  In  fever,  the 
muscles  may  become  as  hot  as  105°  Fahr.,  and  in  tetanus, 
111°  Fahr.  (Lirdwig)  ; they  are  then  hotter  even  than  the  blood 
(Fick) ; but  this  happens  when  most  of  their  chemical  energy 
of  decomposition  can  pass  into  heat,  none  being  required  for 
work.  During  mu.'^cular  action,  the  chemical  energy  passes 
into  that  perceptible  motion,  which  w'e  call  contraction  or 
shortening  ; during  arrested  effort,  it  appears  in  the  invisible 
motion,  which  produces  heat. 

On  the  supposition,  that  the  muscular  force  is  derived  from 
the  oxida  tion  of  albuminoid  substances,  the  greater  part  or  the 
whole  of  it,  is  ultimately  transformed  into  heat,  and  is  added  to 
the  avowedly  larger  store  derived  from  the  non-nitrogenous 
food.  But  the  theory  which  regards  animal  motion,  as  chieHy, 
or  entirely,  derived  fiom  the  energy  supplied  by  the  non- 
nitrogenous  materials  of  the  blood  or  tissues,  and  therefore  from 
the  non-nitrogenous  food,  is  not  inconsistent  with  the  view, 
that  these  latter  are  the  calorific  or  heat-forming  materials ; 
for  they  then  serve  both  offices.  The  transformation  of  po- 
tential energy  into  muscular  power,  whether  exerted  inter- 
nally or  externally,  is  necessarily  accompanied  by  the  ultimate 
production  of  heat  within  the  body  ; and  this  is  the  chief,  and 
probably  the  only,  source  of  animal  heat  (Frankland). 


Nutritive  or  Assimilative  WorJc. 

The  assimilative  workperformed  in  the  body,isalso  chemical, 
being  partly  liquefacient,  partly  dialytic,  and  partly  solidifa- 
cient.  It  must  be  performed  at  the  expense  of  chemical  energy, 
developed  during  the  many  transformations  of  the  nutritive 
materials,  as  these  are,  in  turn,  digested,  hydrated,  dissolved, 
absorbed,  and  converted  into  tissue.  The  amount  of  force 
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employed  in  digestion,  is  small,  as  compared  with  the  other 
great  demands  of  the  system.  Playfair  suggests  that  it  is 
measurable,  by  the  amount  of  nitrogen  of  the  nitrogenous  sub- 
stances found  in  the  solid  excreta  ; and  that  it  may,  as  he 
thought  of  the  mechanical  work,  be  ultimately  referable  to  the 
energy  of  the  albuminoid  food.  The  quantity  of  nitrogen  which 
escapes  by  the  lungs  and  skin,  is  quite  unimportant ; with 
ordinary  diet,  the  iirea  includes -}-4ths  of  that  contained  in  the 
food,  whilst  the  solid  excreta  yield  about  -jVth  (Eanke).  This 
small  quantity  is  the  residue  of  the  mucus,  salivin,  pepsin, 
pancreatin,  glycocoll,  and  taurin  of  the  digestive  fluids,  the 
solid  constituents  of  all  of  which,  in  a Man,  weighing  150  lbs., 
Avould  be  upwards  of  8 oz.  per  diem.  Playfair  supposes  that, 
whilst  most  of  the  substances  are  reabsorbed,  a certain  portion 
of  each  undergoes  chemical  change,  being,  as  it  were,  degraded, 
and  becoming  unfit  for  entering  the  circulation.  This  remains, 
therefore,  as  a quantitative  expression  of  the  force  which  has 
been  employed  in  the  processes  of  primary  assimilation.  It 
may  be  a residual  index  of  such  actions,  but  not  a source  of 
power  itself,  for  it  escapes  unoxidised.  All  nutritive  work, 
implying  solidification  of  material,  likewise  ultimately  passes 
into  heat. 

Electrical  Work. 

The  currents  of  electricity  developed  in  the  body  generally, 
those  found  between  arterial  and  venous  blood,  in  muscle  and  in 
nerve,  in  secreting  and  in  special  electric  organs,  are  developed 
through  chemical  action,  involving  waste  by  oxidation  of  the 
blood  or  tissues,  and  indirectly  therefore  of  the  food,  whether 
of  the  nitrogenous  or  non-nitrogenous  food,  or  of  both,  is  not 
yet  determined.  They  do  not  appear  to  be  derived  from 
friction,  changes  of  temperature,  or  magnetism,  as  in  the  in- 
organic world.  The  chemical  energy  of  the  body,  thus 
diverted  to  electric  work,  cannot,  however,  be  expressed  in 
numbers.  Unless  it  passes  off  to  surrounding  objects  or 
media,  it  is  converted  into  heat,  or  into  motion  and  heat, 
within  the  frame,  and  so  assists  in  the  calorific  work. 

Nervous  Force  and  Work. 

As  elsewhere  mentioned  (vol.  i.  p.  284),  there  exists  in 
nervous  substance,  a peculiar  electro-polar  condition  of  the 
nervous  molecules,  which  is  altered,  not  merely  by  the  passage 
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of  an  ordinary  electric  current  through  a ■whole  nerve,  as  is  the 
case  with  the  muscular  current,  but  also  when  that  current, 
or  any  other  stimulus,  traverses  a small  portion  of  the  nerve. 
The  existence  of  nervous  substance,  is  essential  to  the  mani- 
festation of  this  peculiar  condition  ; the  force  concerned  in  its 
production,  may  be  itself  what  is  called  the  nerve-force,  or  it 
may  be  transformed  into  that  force,  serving,  in  either  case,  to 
excite  the  contraction  of  a muscle,  on  the  one  hand,  or  the  reflex 
or  sensitive  excitability  of  a nervous  centre,  on  the  other.  The 
reaction  of  a reflex  neiwous  centre,  may  also  require,  or  depend 
upon,  such  molecular  polarity.  Even  sensation,  and  the  higher 
and  purely  mental  processes,  are  associated  with,  and  rest 
upon,  similar  molecular  conditions  and  properties.  The  special 
condition  of  the  nervous  matter,  which  accompanies  sensation, 
emotion,  thought,  consciousness,  and  will,  is  unkno'wn  to  us ; 
but  the  molecular  polarity  of  the  nerve-substance,  is,  as  much 
as  the  nervous  substance  itself,  a part  of  the  constitution  of  the 
hving  animal  body.  The  polar  condition  of  the  nervous 
molecules,  represents  a portion  of  the  vito-physical  work  of  the 
system  ; and  variations  in  it,  are  associated  with  changes  in  the 
nervous  matter  itself.  These  changes  are  chemical,  and  imply 
waste,  oxidation,  and  renovation.  All  nervous  action,  or  work, 
requires  both  food  and  air,  containing  stores  of  force,  which, 
exhibiting  itself  first  in  chemical  combination,  is  transformed 
into  the  electro-polarity  proper  to,  and  manifested  only  by 
the  nervous  substance  built  up  within  the  bodies  of  animals, 
and  capable  of  being  excited  by  appropriate  stimuli. 

The  portion  of  nervous  work,  performed  in  the  control  of  the 
various  imtscular  acts,  voluntarj’  or  involuntary,  and  belonging 
to  the  animal  or  vegetative  functions,  cannot,  at  present,  be  dis- 
sociated, in  any  calculations,  fi'om  the  muscular  work  itself.  As 
to  thenervous  work  connected  with  sensation  and  other  psychical 
actions  and  reactions  unaccompanied  by  motor  results,  it  is 
impossible,  at  present,  to  measure  them,  and  Haughtou's  allot- 
ment of  the  so-called  mental  icorJe  of  the  body,  to  a certain 
proportion  of  the  urea,  is  purely  conjectiual.  It  is  not  even 
knomi  how  far  it  ma}'  be  due  to  changes  in  nitrogenous  or  non- 
nitrogenous  matter;  it  probably  depends  upon  both.  Possibly 
some  estimate  of  its  amount,  might  be  made,  by  studying  the 
amount  and  the  soirrces  of  the  phosphates  formed  in  the  system. 
Urea  is  probably  produced  by  the  decomposition  of  nervous 
substance,  especially  of  the  albuminoid  axial  fibres,  and  non- 
medidlated  terminal  portions  of  the  motor  nerves;  urea  has 


FORMATIVE  FORCE. 


.■579 


been  found  in  the  muscles  of  certain  Fishes.  The  phosphates  of 
the  juice  of  muscle,  and  the  phosphorus  in  the  red  corpuscles  of 
the  blood,  may  be  a source  of  phosphates  in  the  rrrine  ; but 
the  cerebric  acid  of  the  gvey  nervous  substance,  is  especially 
characterised  by  containing  phosphorus,  probably  unoxidised ; 
and  over-activity  and  disease  of  the  nervous  system,  are  said  to 
increase  the  amount  of  phosphates  so  excreted.  The  oxida- 
tion of  phosphorus,  or  of  phosphuretted  fat,  may  be  one  source 
of  electro-polar  nerve-force.  In  any  case,  such  molecular 
polarity  is  ultimately  transformed  into  heat  rvithin  the  body, 
and  affords  another  example  of  the  economy  with  which  the 
various  forms  of  vito-physical  force  engendered  in  the  animal 
s}^stem,  are  employed  within  it.  The  enei’gy  of  every  sub- 
staDce  oxidised  in  the  body,  into  whatever  form  of  force  it  may 
be  transmuted,  is  doubtless  applied  with  the  least  possible  loss. 

In  conclusion,  it  may  be  observed  that,  although  the  results 
of  the  application  of  the  principles  of  jjhysical  research,  to  the 
explanation  of  the  physiological  phenomena  discussed  in  this 
Section,  are  at  present  incomplete,  yet,  considering  the  extreme 
complexity  of  the  phenomena  exhibited  by  living  animals, 
and  the  difficulty,  even  in  regard  to  Man  alone,  of  obtaining 
coiTect  average  numerical  data,  enough  has  been  determined  to 
render  it  certain,  that  all  the  strictly  physical  processes  Avithin 
the  body,  whether  chemical,  mechanical,  thermic,  electric,  or 
photic,  are  performed  by  modifications  of  the  common  force 
which  produces  similar  phenomena  in  the  inorganic  Avorld 
around  us. 

There  exists,  hoAvever,  in  the  living  animal,  as  in  the  living 
vegetable  organism,  a special  formative  or  organising  energy, 
evolving  the  perfect  animal  or  plant  from  the  primitive  ovum 
or  ovule,  developing  its  various  tissues  and  organs,  and  con- 
seiwing  these  from  the  commencement  to  the  termination  of 
its  individual  existence.  The  influence  of  this  force,  moreover, 
extends  from  the  jjarent  to  the  offspring,  generation  after 
generation.  Its  relations  to  the  vito-physical  and  vito- 
chemical  forms  of  force  working  in  the  body,  are  entirely 
unknown.  Its  truly  marvellous  results  are  considered  in  the 
following  Section  on  Reproduction  Development. 
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EEPEODUCTION. 

Spontaneous  Generation. 

The  life  of  individual  organisms,  ■whether  vegetable  or  animal, 
is  limited,  death,  at  last,  ensuing  from  accident,  disease,  or 
73atural  causes.  The  maintenance  of  the  species,  by  the  repro- 
duction of  new  individuals,  is  accomplished  in  ditferent  modes 
in  different  animals. 

All  animals,  so  far  as  is  known,  even  the  very  lowest,  are 
produced  from  parents.  The  occiirrence  of  the  original  genera- 
tion of  an  animal,  without  the  intervention  of  a parent,  or  the 
so-called  equivocal  or  spontaneous  generation,  is  not  believed 
in  by  the  best  authorities.  All  cases  of  supposed  spontaneous 
generation,  cited  before  the  introduction  of  good  microscopes, 
may  be  set  aside  as  valueless.  The  present  condition  of  the 
question,  is  fully  illustrated  in  the  recent  controversy  between 
M1\I.  Pouchet  and  Pasteur.  It  is  admitted  by  both  those  ob- 
servers, that  only  the  lowest  Protozoic  forms  of  animal  life 
are  concerned  in  this  question,  the  assertions  of  Crosse  and 
others,  as  to  the  spontaneous  development  of  a complete 
Annulose  animal,  being  rinworthy  of  serious  consideration. 

\ATth  regai-d  to  the  Infusoria,  however,  it  is  alleged  by 
Pouchet,  that,  if  impure  water  be  boiled,  so  as  to  destroy  all 
organic  life  in  it,  and  then  be  absolutely  excluded  Irom  the  air ; 
or  if  air  only  be  admitted  which  has  previously  passed  through 
red-hot  tubes  ; oi',  again,  if  water  be  boiled  in  flasks  which  are 
then  hermetically  sealed — organisms,  belongmg  to  the  simplest 
ibrins  of  Infusorial  life,  will  make  their  appearance ; and  that 
these  Mull  even  be  followed  by  the  subsequent  appearance  of 
higher  ciliated  Infusoria.  It  is  strongly  asserted  tliat,  in  -such 
experiments,  absolute  care  has  been  taken  to  prevent  the  acci- 
dental inti’usion  of  germs,  however  minute,  into  the  water  or  air. 
By  Pasteur,  on  the  other  hand,  it  is  affirmed  that,  if  sufficient 
precaution  be  taken,  no  manifestation  of  life  occurs  in  the  fluid 
experimented  uj7on,  or,  at  least,  so  exceptionally,  that  it  may 
well  be  attributed  to  the  accidental  entrance  of  floating  germs. 

The  following  experiments  have  been  devised  by  Pasteur, 
to  illustrate  this  subject.  Small  tiasks  of  boiled  water,  have 
been  closely  fitted,  at  the  mouth,  tt  ith  tubes,  into  a bend  or 
bulb  of  which,  cotton-wool  is  introduced ; this  intercepts 
floating  germs,  but  yet  allows  the  interchanges  proper  to 
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gaseous  diffusion  : in  such  experiments,  no  organisms  are 
developed  in  the  water.  On  the  other  hand,  with  the  same 
fluid  boiled,  and  placed  in  a flask,  fitted  with  a similar  tube 
without  the  cotton-wool,  multitudes  of  Infusoria  are  de- 
veloped. In  other  experiments,  instead  of  cotton-wool,  gun- 
cotton was  employed,  and  placed  so  as  to  intercept  the 
germs  in  the  air;  this  gun-cotton  being  after-wards  dissolved 
in  ether,  ova,  and  germ -forms  were  collected  in  the  residue, 
and  recognised  under  the  microscope.  Moreover,  portions  of 
the  cotton-wool  or  gun-cotton  charged  with  the  germs,  pro- 
duced, in  water  or  in  vegetable  infusions,  the  same  kinds  of 
Infusoria  as  appeared  in  the  liquids  unprotected  by  the  gun- 
cotton. 

It  would  seem,  however,  that  in  boiled  vegetable  infusions, 
hermetically  sealed  with  a certain  quantity  of  air,  also  pre- 
viously heated  to  a red  heat,  those  singular  organisms,  named 
bacteria,  which  are  probably  vegetable,  may,  after  several 
months,  appear  (Child). 

The  position  of  the  advocates  of  the  doctrine  of  spontaneous 
generation,  is  a difficult  one.  An  apparently  positive  result,  in 
an  experiment  with  heimetically-closed  vessels,  is  attributed 
by  their  opponents,  to  -want  of  care  in  the  preparation  of  the 
water  or  the  infusion,  or  to  the  accidental  intrusion  of  germs. 
The  position  of  the  opponents  of  the  doctrine,  is  also  difficult, 
because  they  seek  only  to  establish  a negative.  A sufficient 
number  of  negative  results,  obtained  by  conscientious  ob- 
servers, is  all  the  evidence  that  can  possibly  be  advanced  in 
such  a case.  The  onus  probandi  is  thrown  upon  the  supporters 
of  the  doctrine. 


The  Various  Modes  of  Reproduction. 

In  the  Vegetable  Kingdom,  two  modes  of  reproduction  are  observed, 
viz.  the  nonsexual  and  the  sexual.  The  former  presents  several  varieties, 
viz.  gemmation,  or  the  formation  of  huds,  as  in  ordinary  plants,  or  in 
special  cases,  of  huJhs  which  are  detached  buds,  or  subdivision  ox  fission, 
as  in  the  microscopic  algae,  and  perhaps  in  the  lower  fungi.  The  sexual 
mode  is  by  true  spores  or  seeds,  which  require  fertilisation.  The  two 
modes  commonlj^  occur  in  all  plants. 

The  mode  of  qoropagation  by  buds,  or  by  cuttings,  serves  to  prolong  a 
variety,  cr  a species,  merely  by  multiplying  the  individual ; but  the 
sexual  mode  alone  will  render  permanent  an  accidental  variety,  or  will 
perpetuate,  for  a length  of  time,  a specific  form.  In  the  fungi,  and  in 
the  lower  algaceous  forms,  it  seems  probable  that  an  alternate  form  of 
geiieration  may  occur,  such  as  will  presently  be  described,  in  the  case  of 
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certain  animals : that  is  to  say,  the  two  forms  of  reproduction,  sexual 
and  nonsexual,  may  alternate  in  different  generations ; in  other  words, 
spores  may  produce  intermediate  forms,  which,  in  their  turn,  may 
directly  reproduce  the  parent  form. 

The  reproduction  of  animals  from  parents,  also  presents 
the  nonsexual  and  the  sexual  modes. 

The  nonsexual  mode  of  reproduction,  may  either  consist  in  a 
simple  cleavage  or  division  called  fission,  or  in  the  formation  of 
huds,  known  as  gemmation  or  hudding.  Both  these  forms  occur 
only  in  the  lower  Classes  of  animals.  Fission,  or  fissiparous 
repj’oduction,  consists  of  a constriction,  once  or  several  times 
repeated,  in  the  soft  body  of  an  animal,  foUotved  by  its  com- 
plete division  into  two  or  more  parts,  each  of  which  is  then 
developed  into  an  individual  as  complete,  in  every  respect,  as  the 
parent  animal.  This  form  of  reproduction  is  noticed  as  one 
mode  of  development  in  the  Infusorial  animalcules,  the  process 
being  sometimes,  as  in  Paramecitun,  extraordinarily  rapid.  It 
also  occurs  in  the  formation  of  the  segments  in  some  vermiform 
intestinal  Entozoa,  but  not  amongst  animals  higher  in  the 
scale.  In  artificial  fission,  as  performed  upon  the  Hydra,  a 
similar  process  is  imitated.  If,  for  example,  a Hydra  be  cut, 
lengthwise  or  transversely,  into  several  parts,  each  portion  will 
complete  itself.  Some  of  the  Annelida,  or  IVorms,  on  being  cut 
across,  develop  a new  head  to  the  lower  half,  and  a new  tail 
to  the  upper  portion,  of  the  divided  body. 

Gemmation,  or  gemmipai-ous  reproduction,  consists  in  the 
formation  of  an  offshoot  or  hud,  from  the  body  of  the  parent 
animal,  which  either  continues  to  grow  in  connection  with  the 
jjarent,  so  that  composite  animals  are  produced,  as  the  many- 
chambered  Rhizopods ; or  aggregates  or  colonies  of  animals  are 
formed,  attached  by  a common  stem,  or  stolon,  as  in  the  case 
of  the  Vorticellse,  amongst  the  Infiisoria.  This  is,  also,  the 
ordinaiy  mode  of  propagation  of  the  Hydra,  amongst  the 
Coelenterata ; of  the  compound  coralline  Polyps,  of  the  com- 
pound Ascidioida,  and  of  Nais,  amongst  the  Annelida.  Gemma? 
may  also,  after  a time,  detach  themselves  from  the  parent  stem, 
move  away,  and  develop  as  indej^endent  animals,  which  may 
themselves  gemmate,  and  form  a new  colony,  as  in  the  com- 
pound Poly2?s  and  the  compound  Tuuicata,  or  become  new  in- 
dependent animals,  as  in  the  i\Iedusse.  Sponges  are  thus  re- 
produced by  detached  bodies,  known  as  gemmules.  which,  at 
first  ciliated  and  free-moving,  afterwards  become  smooth  and 
fixed,  and  then  grow  into  a new  sponge. 
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As  representing  a special  form  of  internal  gemmiparous  re- 
production, may  perhaps  be  included  those  remarkable  cases, 
in  which  groups  of  minute  cell-like  bodies,  sometimes  named 
pseudova,  to  distinguish  them  from  true  ova  or  eggs,  are  de- 
veloped somewhere  in  the  interior  of  the  body  of  the  parent 
animal,  and,  after  a time,  undergo  successive  stages  of  develop- 
ment, sometimes  into  forms  externally  resembling  that  of  the 
parent  animal,  though  not  possessing  reproductive  organs,  but 
much  more  commonly  into  forms  not  resembling  the  parent 
animal.  By  detachment,  protrusion,  or  rupture  of  the  parent, 
these  new  animals  then  become  independent  beings.  This 
form  of  reproduction  is  observed  in  the  Aphides  only,  among 
Insects,  and  in  the  Daphnia,  among  the  smaller  Crustacea. 
Light  and  heat  are  important  agents  in  determining  the  oc- 
currence of  this  process. 

The  larger  reproductive  bodies  found  in  the  Sponges,  and 
developed  as  cold  weather  approaches,  called  capsules,  have 
by  some,  been  regarded  as  of  the  nature  of  gjseudova,  but  they 
may  be  sexual  products.  The  so-called  germ-cells  of  the 
Hydra,  which,  towards  winter,  are  sometimes  developed  in  the 
walls  of  the  gastric  cavity  in  one  individual,  whilst  a sperm- 
cell  appears  in  that  of  another,  though  sometimes  both  kinds  of 
cells  are  developed  in  the  same  Polyp,  have  likewise  been 
referred  to  this  class  of  bodies ; but  their  sexual  character 
is  more  probable. 

In  the  sexual  mode  of  reproduction,  known  as  oviparous  re- 
production, which  is  a higher  form  of  propagation,  an  ovum,  or 
germ-cell,  a.  fertilising  cell,  or  sperm-cell,  are  always  neces- 
sary, and  co-operative,  in  other  words,  a female  and  a male 
product,  according  to  the  distinction  of  sex. 

In  some  animals,  as  in  the  Ccelenterata,  in  certain  Scolecida, 
as  in  trematode  Entozoa,  in  many  Gasteropods,  and  in  a few 
branchiated  Annelida,  the  male  and  female  jDroducts  are  de- 
veloped in  one  individual,  rvliich  is  then  said  to  be  monoecious 
or  hermaphrodite.  In  the  Medusse,  and  in  the  Entozoa,  the 
germ-cells  are  fertilised  by  the  sperm-cells  of  the  same  animal ; 
but  in  the  Snails,  and  other  Pulmo-gasteropods,  there  is  an 
interchange  of  office,  one  individual  fertilising  the  ova  of 
another,  and  having  its  otvn  ova  fertilised  in  return. 

In  the  remaining  animals  reproduced  by  true  ova,  viz.  the 
higher  Annuloida  and  the  Annulosa,  the  Molluscoida,  Molltisca, 
and  Vertebrata,  the  reproductive  elements  are  found  in  sepa- 
rate individuals  belonging  to  opposite  sexes.  Such  animals 
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are  named  diascioiis.  The  ovum  is  then,  in  some  cases,  as  in 
Fishes  and  Amphibia,  fei’tilised  without,  but  in  other  cases,  as 
in  Reptiles,  Birds,  and  Mammalia,  within,  the  body  of  the 
female  or  ovigerous  parent.  In  this  ovum,  when  fertilised,  the 
embryo  is  developed,  undergoing  a series  of  important  changes, 
which  constitute  the  process  of  evolution  or  transformation. 

Some  curious  examples  of  the  coexistence  in  the  same  in- 
dividual, but  at  different  seasons,  of  a sexual  with  an  appa- 
rently nonsexual  mode  of  reproduction,  have  been  met  with,  in 
the  lower  Classes  of  animals.  This  presents  us  with  the  various 
forms  of  parthenogenesis,  or  development  by  so-called  unferti- 
lised ova.  This  mode  of  reproduction,  is  illustrated  in  the 
Aphis,  amongst  Insects,  in  the  female  of  which,  one  act  of  fer- 
tilisation is  sufficient  for  a long  succession  of  distinct  repro- 
ductive acts.  Another  most  striking  example  is  exhibited  by 
the  Bee,  as  was  first  observed  by  Dzierson,  and  afterwards  by 
Siebold,  Berlebach,  Leuckart,  Owen,  and  others.  The  ova  of 
the  Queen-bee  are  deposited  by  her,  in  the  cells  of  the  comb, 
and  in  that  act,  according  to  the  size  and  form  of  the  cell,  she 
either  fertilises  the  ovum,  or  not.  This  is  accomplished  by 
her  pwinitting,  or  preventing,  tlie  escape  of  a small  quantity  of 
fluid  from  a sac  in  the  interior  of  her  body,  named  the 
spemnotheca,  which  has  been  previously  charged,  bj'  the  act  of 
the  male  bee,  with  fertilising  fluid,  during  flight  in  the  air.  If 
the  ovum  be  fertilised,  it  produces  a working-bee,  i.e.  an  un- 
developed female,  any  one  of  which,  by  abundance  of  feeding, 
may  beco.me  a queen-bee.  But  if  the  ovum  be  not  fertilised 
by  the  fluid  of  the  spermotheca,  it  j^i'oduces  onlv  a drone,  or 
male.  This  latter  result  may  be  brought  about  e.xperimentallv, 
either  by  interruption  of  the  communication  between  the 
sq>ermotheca  and  the  oviduct,  or  by  the  effects  of  a temperature 
low  enough  to  destroy  the  properties  of  the  fertilising  fluid. 
So  also,  if  the  wings  of  the  queen-bee  be  cut,  she  remains 
with  the  sac  uncharged  with  the  fertilising  fluid,  and  her  eggs, 
which  she  will  then  deposit  all  the  same,  produce  onh"  drones. 
Moreover,  a working- bee,  not  fed  tip  to  the  condition  of  a 
queen-bee,  may  deposit  eggs,  which,  not  having  been  fertilised 
in  the  ordinary  way,  produce  only  drones.  In  the  Bee,  there- 
fore, the  phenomenon  occurs,  of  an  ovum  undergoing  develop- 
ment, wiihout  obvious  direct  fertilisation.  Hence  the  name 
parthenogenesis.  Similar  jthenomena  have  now  been  observed 
in  many  other  Insects. 

In  certain  remarkable  cases,  a sexual  generation  by  true 
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fertilised  ova,  or  germ-cells,  may  occur,  togetlier  with  repro- 
duction, by  apparently  unfertilised  pseudova,  or  germinal  cells. 
This  happens,  for  example,  in  certain  Entozoa,  and  also  in  the 
Aphis,  or  plant-louse.  Sometimes  these  two  modes  of  re- 
production cdternate,  in  different  generations,  more  or  less 
regularly.  In  such  cases,  the  form  of  the  animals  produced 
from  the  true  ova,  or  the  first  generation,  differs,  in  some 
respects,  from  that  of  the  parent,  especially  in  being  nonsexual ; 
Avhilst  the  offspring  of  these,  or  the  second  generation,  derived 
Ifoni  pseudova,  may  either  resemble  the  original  parents,  or 
may  produce,  notisexualhj,  a third  generation,  or  several  gene- 
rations, the  last  of  these  producing  animals,  which  are  sexual 
and  resemble  the  parents.  This  is  named  propagation  by 
alternate  generation.  In  it,  a female  parent  animal  produces 
ova,  which  are  duly  fertilised.  The’  embryoes,  or  larvce,  de- 
veloped from  these,  are,  at  no  time,  like  the  mother  ; they 
grow,  and  then  develop,  in  their  interior,  either  a single  in- 
dividual, which  becomes  like  the  parent;  or  they  may,  by 
external  division,  or  external  or  internal  gemmation,  produce 
many  such  ; or  they  may  Ibrm,  either  at  once,  or  in  succession, 
a series  of  young,  derived  from  unfertilised  pseudova,  which 
at  once,  or  after  two,  three,  or  even  more  generations,  ulti- 
mately produce  animals  similar  to  the  first  parents.  These 
again,  like  those  parents,  propagate  sexually.  The  inter- 
mediate generation,  or  generations,  of  nonsexual  proliferous 
larvce,  have  been  called,  by  Steenstrup,  nurses,  to  distinguish 
them  from  true  mothers. 

Tins  development  by  alternate  generation,  never  occurs  in 
the  Vertebrata,  and  only  rarely  in  the  higher  Non-vertebrata. 
Amongst  the  Mollusca,  no  proper  example  of  alternate  genera- 
tion has  yet  been  met  with ; but  it  is  almost  constant  in  the 
Molluscoida.  Amongst  the  Arthropodoiis  Annulosa,  it  has 
been  observed  in  but  one  Crustacean,  Daphnia,  and  in  only  a 
few  Insects,  such  as  the  Aphides,  but  not  in  the  Arachnida  or 
Myriapoda.  The  Aphides  present  a remarkable  example  of 
this  alternation  : in  the  hot  season,  they  multiply  rapidly,  by 
successions  of  internal  generations  of  pseudova  ; but  as  the 
temperature  is  lowered  in  the  autumn,  inales  and  females 
appear,  and  development  by  ova  ensues.  In  early  spring, 
these  ova  again  produce  viviparous  individuals,  which  multiply 
by  pseudova,  and,  after  many  generations,  towards  the  ap- 
proach of  winter,  sexual  Aphides  once  more  appear.  This 
alternate  generation  likewise  occurs  in  many  Annelida,  its 
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asexual  phase  then  constituting  the  so-called  fission,  as  in 
Nemertes,  Nais,  and  others.  It  is  common  also,  and  occur.s 
in  all  degrees,  in  the  Annuloida,  as  in  the  Scolecide,  the  Tre- 
matode,  and  the  Cestode  parasitic  “worms,  in  the  Eotifera,  and 
the  Echinodermata,  and  also,  generally,  in  the  Coelenterata, 
and  in  many  Protozoa.  Amongst  the  Coelenterata,  and  others, 
the  form  which  is  evolved  from  the  fertilised  o%Tim,  is  named 
a scolex ; the  compound  forms  arising  from  the  budding  or  fis- 
sion of  the  scolex,  are  named  strobila,  and  the  perfect  animals, 
again  exhibiting  true  reproductive  organs,  are  named  proglot- 
tides. In  the  Sponges,  sexual  reproductive  organs  have  been 
seen,  giving  rise  to  bodies  like  ova,  in  which  a spongilla  is 
developed.  These  alternate  with  the  gemmules.  In  the  uni- 
cellular Protozoon,  besides  fission,  the  so-called  nucleus  and 
nucleolus,  or  double  nuclei,  are  believed  respectively  to  repre- 
sent the  male  and  female  products,  not  germ-  and  sperm-cells, 
but  germ-  and  sperm-nuclei. 

This  mode  of  reproduction  by  alternate  generation,  often 
presents  examples  of  geneticalhj-related  animal  forms,  exhibit- 
ing not  only  a nonsexual  character,  but  a totally  different 
shape  and  organisation,  as  compared  with  the  parents.  The 
ovum  of  certain  Echinodei'inata,  of  the  Echiuida  and  Ophiurida 
for  example,  develops  into  a tree-sudniming  ciliated  embrgo, 
which  becomes  converted  into  a medusa-lihe  larva,  known  as 
the  pluteus,  a form  which  has  quite  a Coelenterate  tjq)e;  but  in 
the  body  of  this,  near  the  digestive  cavity,  close  upon  the  re- 
maining substance  of  the  original  ovum,  or  yolk-mass,  a young 
Echinus  appears,  in  the  form  of  a cfrcular  f/frc,  which  gradually 
assumes  a quinary  radiated  form,  and  ultimately  becomes  a 
perfect  Echinoderm.  In  the  s;mie  way,  the  ova  of  the  Teenia?, 
or  Tapeworms,  taken  by  animals  which  live  upon  offal,  or 
swallowed  by  Man  in  water,  pass  into  the  alimentary  canal, 
and  there  develop  into  Echinococci,  or  Cysticei'ci,  which  pene- 
trate, M’hilst  very  minute,  the  surrounding  tissues,  by  a process 
of  boring,  and  so  find  their  way  into  all  parts  of  the  body, 
and  there  grow  as  Cysticerci  or  Echinococci.  The  tissues  of 
an  edible  animal  (as  a pig,  for  example),  thus  infested,  being 
then  eaten,  the  Echinococci,  if  not  destroyed  by  the  cooking, 
attach  themselves  to  the  intestinal  mucous  membrane  of  the 
person  who  eats  them,  and  form  the  head  of  a ta;nia,  which 
then,  by  successive  fission,  produces  its  long  segmented  body, 
each  section  of  which,  now  named  a proglottis,  is  really  inde- 
pendent of  tlie  rest,  and  is  provided  with  true  reproductive 
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organs,  sperm-cells,  and  ova.  The  Trichina  is  not,  as  'u-as  once 
supposed,  an  intermediate  form,  by  alternate  generation. 

Lastly,  in  the  interior  of  certain  Trematode  worms,  such  as 
the  PlanarisB,  and  Distomata,  a succession  of  nonsexual  larva; 
is  developed,  each  producing  others  Avithin  them,  until,  at  last, 
sexual  forms  appear  resembling  the  original  parent.  Thus  a 
Distoma,  for  example,  which  is  found  as  an  entozoary  parasite 
in  the  Lininteus,'  a fresliAvater  snail,  develops  oAm,  Avhich  are 
evolved  into  elongated  larvs  of  A^ery  simple  organisation  ; 
these  larva;  are  composed  simply  of  nucleated  cells,  Avhich  groAv 
into  ciliated  organisms,  and  then  burst  through  the  skin  of 
the  larva,  attach  themselves  to  a Limnasus,  and,  having  become 
metamorphosed  into  a true  Distoma,  perforate  the  tissues  of 
the  snail. 

In  these  cases  of  alternate  generation,  there  occurs,  there- 
fore, a sort  of  metaviorplwsis,  because  the  cycle  of  evolution 
is  at  last  ahvays  completed,  by  a return  to  the  parent  form ; 
but  the  stages  of  the  metamorphosis  supervene  in  different  gene- 
rations, and  not  in  the  same  individual.  So  likeAvise,  in  all 
cases  of  nonsexual  reproduction,  Avhether  by  so-called  fission, 
by  gemmation,  external  or  internal,  of  by  recognised  pseud- 
ova,  a return,  at  last,  takes  place  to  sexual  development,  by 
true  ova  Avhicli  require  fertilisation.  Hence  the  latter  mode 
of  reproduction  appears  the  more  important  function,  to 
which  is  assigned  the  continuance  of  the  specific  forms  of 
animal  life. 

In  the  Molluscoid  Tunicata,  however,  and  in  Insects, 
Crustacea,  and  certain  Fishes,  and  also  in  Amphibia,  a true 
metamorphosis  occurs  in  each  single  individual — i.e.,  a trans- 
formation takes  place  not  in  the  embryo  in  ovo,  but  after  the 
escape  of  the  young  from  the  ovum  as  an  independent  being. 
In  such  instances,  the  young  animal,  on  emerging  from  a 
fertilised  ovum,  has  at  first  no  resemblance  to  the  parent,  but 
exliibits  a provisional  form  and  organisation,  suited  to  its 
conditions  of  hfe.  After  a time,  hoAvcA'er,  it  undergoes  changes ; 
some  organs  or  parts  disappear,  Avhilst  others  begin  to  be 
formed,  and,  finally,  it  assixmes  a state  of  mature  existence, 
resembling  its  parent,  and  exhibiting  one  or  other  form  of  sex. 
Thus  the  larva,  or  Avormlike  caterpillar,  of  the  Insect,  pro- 
ceeds from  the  egg.  Consuming  large  quantities  of  food,  it 
groAvs,  and  then  changes  into  the  pupa,  or  chrysalis  ; in  this 
condition,  no  food  being  taken,  remarkable  changes  occur,  of 
Avhich  the  formation  of  Avings  is  the  most  obvious.  From 
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this,  finally,  it  emerges  as  the  imago  or  perfect  insect.  Tlie 
relative  degree  or  extent  of  the  metainorpho.fis,  differs  in 
different  Orders  and  Families  of  Insects.  The  suspension  or 
arrest  of  the  ordinary  phases  of  this  metamorphosis,  occa- 
sionally gives  rise  to  monstrosities,  such  as  butterflies  with 
caterpillars’  head.s,  and  other  curious  forms. 

Metamorphosis  may  also  be  said  to  occur  in  some  of  the 
lowest  Fishes,  certain  forms  of  Ammocete  having  been  shown 
to  be  the  larvse  of  the  lamprey,  which  afler\\ards  undergo 
comparatively  slight  changes  in  the  buccal  and  branchial  ap- 
paratus. 

In  the  Amphibia,  the  tadpoles  of  the  frogs  and  others,  as 
developed  from  the  egg,  present  a fishlike  form,  and  possess 
at  first  external  and  then  internal  gills;  but  ultimatelv,  in  the 
higher  forms,  they  assume  the  perfect  Batrachiau  conformation, 
lose  their  gills,  and  breathe  by  lungs.  The  extent  of  change 
is  most  marked  in  the  anourous  or  tail-less  Amphibia.  In  the 
salamanders,  however,  no  internal  gills  are  developed,  like 
those  of  the  frog ; and  the  tail,  instead  of  undergoing  inter- 
stitial absorption,  is  retained.  The  suspension  of  the  meta- 
morphic  process,  at  certain  early  stages,  leads  to  the  formation 
of  the  Perennibranchiate  Amphibia,  in  which  lungs  also  exist, 
such  as  the  Proteus,  Siren,  Axolotl,  and  iMenobranchus. 

The  preceding  cases  are  instances  of  progressive  metamor- 
phoses. But  metamorphosis  may  be,  as  far  as  general  organi- 
.sation  is  concerned,  retrograde,  animals  being,  in  the  larval 
Stage,  actively  locomotive,  and,  in  the  perfect  stage,  fixed  or 
sessile.  Thus,  the  young  of  the  Ascidioida  are  free-s^\•imming, 
tailed,  and  ciliated  animals,  whilst  in  their  perfect  condition 
they  are  fixed.  In  the  Crustacea,  the  larv£e  exhibit  progres-^ive 
metamorphoses  of  a remarkable  character.  In  the  Clixliopods, 
the  larvae  are  active,  move  freely  in  the  water,  and  possess 
eyes,  but,  afterwards,  they  become  sessile,  fixed  by  the  head, 
and  lose  those  organs.  They  present  an  example  of  retrograde 
or  recuiTent  metamorphosis.  In  the  parasitical  Crustacean 
Lerneada,  which  attach  themselves  to  fishes,  and  even  in  the 
Lamellibranchiate  IMollusca,  the  perfect  animal  is  less  highly 
endowed  tlian  when  in  its  larval  condition. 

The  phenrauena  of  individual  metamorphosis,  so  obvious  in 
the  Insects  and  the  Amphibia,  after  their  escape  from  the  egg, 
are,  in  reality,  not  singular;  for  phases  of  evolution,  or  trans- 
formation, occur  in  the  develojDinent  of  the  embryoes  of  aU 
animals,  even  of  the  highest  Vertebrata  ; but  these  are  often- 
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times  rapid,  and  occur  in  such  an  early  stage  of  embryonic 
life,  as  not  to  be  so  obvious. 

Ova  and  Pseudova. — A true  ovum,  the  product  of  a female 
organ  or  ovary,  is  a nucleated,  cell,  2J0ssessing  a delicate  cell- 
wall,  a contained  nucleus,  within  which  is  a nucleolus,  and, 
besides  that,  certain  cell-contenrs.  It  is  a proper  and  special 
germ-cell,  set  apart  for  the  reproduction  of  a new  individual. 

The  male  product,  or  fertilising  element,  the  product  of  the 
so-called  sperm-cells,  formed  in  the  testes,  is  a fluid  containing 
microscopic  bodies  named  spermatozoa ; these  are  endowed 
with  the  power  of  active  movement,  which  lasts,  in  the  Warm- 
blooded Vertebrata,  for  a few  minutes,  in  the  Cold-blooded 
Fishes,  for  days,  and  in  certain  Mollusca  and  Annulosa,  even 
for  months,  when  received  into  the  sp>ecial  receptacle,  or  sper- 
mofheca.  From  their  mode  of  development,  from  the  character 
of  their  movements,  and  from  the  effects  of  reagents  upon  them, 
they  may  be  regarded  as  ciliated  gymnoplasts,  or  ciliated 
nuclei,  which  may  be  compared  to  single  particles  of  ciliated 
epithelium.  The  sperm-cell  in  which  they  have  their  origin, 
and  from  which  they  escape,  by  rupture  of  the  cell- wall,  is  the 
homologrre  of  the  germ-cell,  or  ovum. 

In  true  sexual  reproduction,  the  product  of  the  sperm-cell 
enters  and  fertilises  the  germ-cell,  and  imparts  to  it  the  power 
of  specific  reproduction,  just  as  the  pollen  of  the  anther  of  a 
flowering  plant,  fertilises  the  vegetable  ovule. 

The  unfertilised  ovum  of  a que.n  or  female  bee,  and  also 
the  pseudova  of  the  Aphis,  and  of  other  animals  prooagated  by 
alternate  generation,  are  also  nucleated  cells,  portions  of  the 
jjarent  animal,  set  apart  for  particular  purposes,  and  retaining 
special  powers  of  further  evolution ; they  are,  therefore,  also 
germ-cells,  or  rather  germinal  cells.  They  may  be  viewed  as 
undeveloped,  or  ametamorphosed,  portions  of  a previously  fer- 
tilised blastema,  which  has  itself  resulted  from  the  first  stages 
of  evolution  of  a true  ovum  ; they  are,  however,  retained 
in  connection  with  some  portion,  usually  internal,  of  the 
nonsexual,  and  only  indirectly  fertilised,  offspring,  waiting 
for  their  opportunity  of  individual  evolution.  They  have,  in 
truth,  been  fertilised.  According  to  this  view,  every  individual 
animal  form,  whether  the  result  of  direct  sexual  evolution, 
or  of  parthenogenesis,  or  of  any  stage  of  alternate  generation, 
is  produced  from  a primitive  cell,  which,  having  been  directly 
or  indirectly  fertilised,  undergoes  multiplication  and  differen- 
tiation, so  as  to  evolve  the  future  animal.  The  simplest  forms 
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of  repjoduction.  by  gemmation  or  by  cleavage,  are  but  ex- 
tensions of  individual  animals,  themselves  traceable  to  the 
evolution  of  two  primitive,  sexually  developed,  fertilising,  and 
fertilised  cells.  Even  in  the  lowest  Protozoa,  evolutions  of 
new  beings,  from  time  to  time,  occur  by  the  conjugation  of 
two  nuclear  particles  in  their  interior,  which,  at  least,  imitate 
a sexual  process. 

Whatever  variety  the  reproductive  process  of  animals  may 
present,  the  primitive  cell,  whether  it  be  a fertilised  ovum,  an 
unfertilised  ovum,  a 'pseudovum,  or  the  commencement  of  a 
hud,  is,  in  all  known  cases,  a part  or  product  of  a pre-existing 
parent.  No  satisfactory  proof  has  yet  been  adduced,  of  the 
spontaneous  origin  of  such  a cell.  Hence  the  doctrine  of 
spontaneous  generation,  collapses  from  failure  of  proof. 

The  Ovum  considered  generally. 

The  parts  seen  in  an  unfertilised  animal  ovum,  as  already 
stated,  are  the  cell-wall,  the  contents,  the  nucleus,  and  the  con- 
tained nucleolup,  fig.  116.  The  delicate  cell-wall  constitutes  the 
vitelline  membrane,  or  yolk-sac.  The  more  or  less  transparent, 
granular,  or  coloured  contents,  constitute  the  yolk.  The  nu- 
cleus is  a transparent,  solid,  or  vesicular  body,  here  named  the 
germinal  vesicle,  or  vesicle  of  Purkinje.  Lastly,  the  nucleolus 
within  it,  is  a fine  granular  or  vesicular  corpuscle,  called  the 
germinal  spct.  The  germinal  vesicle  and  spot  are  the  essential 
parts,  or  active  centres  of  gro^vth,  of  the  ovum. 

As  to  the  Vegetable  Kingdom,  in  the  higher  plants,  which  are  produced 
from  seeds,  a part  exists  in  the  seed,  known  as  the  ovule ; within  this, 
which  is  a vegetable  cell,  is  found  the  germ-vesicle,  a structure  homologous 
■with  the  germinal  vesicle  of  the  animal  ovum.  Like  it,  its  future  de- 
velopment requires  the  co-operation  of  a fertilising  agent,  which  is  here 
derived  from  the  pollen-cells.  In  the  lower  or  flcwerless  plants,  the 
spores  are  usually  fertilised  by  moveable  filaments  named  zoosperms,  or 
by  simpler  elements. 

The  size  of  the  ovum  of  different  animals,  difliers  very  much, 
not  in  accordance  with  the  size  of  the  parent  animal,  but 
rather  with  the  course  and  conditions  of  development  of  the 
futiue  embryo.  The  difference  in  size,  depends  almost  entirely 
upon  the  quantity  of  the  yolk  or  cell-contents.  The  cha- 
racter of  this  yolk  also  varies ; sometimes  it  is  so  finelv 
granular  and  colourless,  as  to  appear  clear ; whilst,  in  other 
cases,  it  is  so  distinctly  gi-anular  and  coloured,  as  to  contain 
large  granules  and  even  vesicles,  with  oil-globules,  to  be 
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more  or  less  opaque,  and  to  present  a pale  or  deep  yellowish 
hue. 

The  yolk  is  a most  important  constituent  of  the  ovum.  In  all 
cases,  it  is  formative,  yielding  material  for  the  first  formation  of 
the  embryo ; sometimes  it  is  also  nutritive,  or  provides  nourish- 
ment for  it,  during  a considerable  period  of  its  growth. 

In  one  series  of  animals,  oviparous,  the  development  of  the 
embryo  within  the  ovum,  occurs  entirely  after  the  latter  has 
been  deposited  by  the  parent  animal ; whereas,  in  another 
series,  often  viviparous,  the  embryo  is  more  or  less  developed 
within  the  parent.  In  the  first  case,  nutrient  material  must 
be  specially  provided  in  the  ovum,  for  the  future  embiyo,  the 
various  organs  of  which  are  developed  at  the  expense  of  the 
yolk-contents,  until  the  young  animal  has  reached  a phase  of 
development,  in  which  it  can  take  external  materials  for  its 
future  nourishment.  In  such  cases,  the  yolk  is  comparatively 
large  in  quantity,  and  rich  in  organic  granular  contents,  opaque, 
and  coloured ; it  is  chiefly  nutritive,  and,  in  small  part  only, 
formative.  Such  ova  are  named  merohlastic  {gipoc,  a part, 
/IXaoToc,  a germ) ; they  include  the  eggs  of  the  higher  Crus- 
tacea and  Arachnida,  those  of  the  Cephalopods,  and  those  of 
the  Osseous  and  Plagiostomatous  Fishes,  of  Eeptiles  and  Birds, 
and  of  the  Monotrematous  order  of  the  Mammalia.  The  ova 
of  the  Amphibia,  are  imperfectly  meroblastic.  In  the  second 
case,  either  a very  slight  part,  or  no  portion,  of  the  yolk  is 
nutritive,  but  all,  or  almost  all,  is  directly  formative ; the  yolk 
is  comparatively  small,  frequently  clear,  and  less  rich  in  gra- 
nular oi’ganic  contents.  These  ova  are  called  holoblastic  (6'Aoc, 
the  whole).  They  are  met  with  in  the  eggs  of  the  Echino- 
dennata  and  of  the  Annelids,  in  those  of  the  simplest  Crus- 
tacea and  Arachnida,  in  those  of  Insects,  and  of  the  Mollusca 
generally  (excepting  the  Cephalopods),  in  the  Cyclostomatous 
Fishes,  and,  lastly,  in  the  Mammalia,  including  Man. 

The  holoblastic  ovum  (fig.  116)  consists  of  a transparent, 
homogeneous,  or  structiueless  vitelline  membrane,  which,  to- 
gether with  a clear  outer  stratum  of  the  yolk,  sometimes  of 
considerable  proportionate  thickness,  constitutes  the  zona  pellu- 
cida.  Within  this,  and  completely  filling  it,  is  the  limpid,  or 
faintly  granular,  germ-yolk,  or  formative  yolk,  with  its  germinal 
vesicle,  and  spot.  The  meroblastic  ovum  (fig.  119)  consists,  ex- 
ternally, of  the  vitelline  or  vitellary  membrane,  which  is  thin, 
and  often  also  homogeneous  or  structureless,  but,  in  some  cases, 
slightly  granular,  or,  in  parts,  indistinctly  fibrous.  There  is 
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no  zona  pellucAda,  but  the  interior  of  the  vitelline  membrane 
is  lined  with  a stratum  of  polygonal  nucleated  cells,  known  as 
the  epithelial  layer.  Within  this,  is  the  distinctly  gi-anular,  nu- 
tritive yolk,  a,  which  may  either  be  whitish  or  yellowish.  On 
one  part  of  the  surface  of  the  nutritive  yolk,  is  a small  circular 
disc,  known  as  the  cicatricula,  or  ejerminal  disc.  Tliis  is,  in 
fact,  the  germ-yolh,  or  foirncdive  yolk,  spread  out,  in  the  mero- 
blastic  ovmn,  upon  a small  part  of  the  surface  of  the  nutritive 
or  food-yolk,  instead  of  being  spherical,  and  occupj'ing  the 
entire  vitelline  cavity,  as  in  the  holoblastic  ovum.  Lying,  at 
one  time,  in  the  midst  of  the  formative  or  germ-yolk,  or  ger- 
minal disc,  are  found,  as  in  the  other  ova,  the  germinal  vesicle 
and  spot  (fig.  117). 


Fig.  116. 


Pig.  IIG.  Holoblastic  ovum  or  germ-cell,  of  a Jlammaliaii  animal,  unferti- 
lised (Allen  Thomson),  a,  vitelline  me  mbrane  or  envelope,  thick,  and 
clear,  afti  rwards  forming  the  sona  peUucida  \ within  it,  is  the  granular 
yolk,  or  cell-contents;  in  this,  the  germinal  vesicle,  or  nucleus;  and  in 
this,  the  germinal  spot,  or  nucleolus.  6,  the  ovum,  or  germ-cell,  burst, 
part  of  the  granular  yolk,  with  the  germinal  vesicle  and  its  contained 
germinal  spot,  having  escaped,  c,  the  germinal  vesicle  surrounded  by 
a little  gi  anulaj-  matter. — ilagnified  SO  diameters. 

In  the  Mammalia,  the  yolk  is  so  small  in  quantity,  as  quickly 
to  become  insufficient  for  the  nourishment  of  the  enibiyo.  and 
special  structures  are  t'ery  early  fonned,  to  enable  it  to  derive 
support  from  the  nutrient  lluids  of  the  parent.  These  are 
imperfectly  developed  in  the  Iiuplacental,  but  are  more  com- 
plete in  the  Placental,  Mammalia.  Of  the  merobla.stic  ova, 
those  of  lleptiles  and  Birds,  but  particularly  the  latter,  pre- 
sent by  far  the  most  abundant  nutritive  yolk.  From  the 
size  of  the  egg,  and  from  the  occurrence  of  all  the  stages  of 
development  diu'ing  an  external  incubating  process,  which 
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may  be  carried  on  by  artificial  means,  the  egg  of  the  Bird  es- 
pecially presents  the  most  favourable  opportunity  of  watching, 
from  hour  to  hour,  the  stages  of  development  of  the  Vertebrate 
embryo,  within  the  ovum. 

The  Ovaries  and  Ova  of  the  Bird. 

The  egrf  of  the  common  fowl  is  first  formed  within  the 
body  of  the  hen,  in  the  organ  named  the  ovurg,  which  is 
jittached  to  the  back  of  the  abdominal  cavity,  in  the  lumbar 
region.  In  the  female  embryo  of  all  Birds,  two  ovaries  exist, 
but  almost  universally  the  left  one  only  is  present  in  the 
mature  Bird ; the  Dorking  fowl  is  an  exception,  having  both 
ovaries  persistent.  This  is  also  the  case  in  certain  of  the  birds 
of  prey.  The  ovary  itself  consists  of  a cluster  of  small  spherical 
bodies,  closely  invested  by  membranous  ovisacs,  and  named 
the  ova.  These  are  at  first  destitute  of  the  white,  and  consist 
only  of  minute  yolks  invested  with  tlie  vitelline  membrane. 
The  ovisacs  are  all  held  together  by  a loose  areolar  stroma 
and  bloodvessels,  so  as  to  form  a bimch  or  raceme,  and  are 
invested  by  the  peritonteum.  To  the  lower  part  of  the  ovary, 
is  attached  the  wide  funnel-shaped  opening,  or  infundibulum, 
of  a long  tortuous  tube,  named  the  oviduct,  which  is  also 
single,  being  present  only  on  the  left  side ; it  opens  below 
into  the  cloaca,  or  common  outlet  of  the  alimentary,  urinary, 
and  reproductive  organs  in  the  Bird.  In  the  ovary,  each  yolk 
is  enclosed  in  its  ovisac,  the  narrow  suspensory  part  of  which 
is  named  the  pedicle.  The  yolks  are  of  all  sizes,  from  that  of 
a pin’s  head,  or  smaller,  to  the  completely-formed  yolk.  In 
structure,  the  minute  ova  at  first  resemble  the  holoblastic 
ovum ; but  as  they  grow,  they  become  meroblastic,  and  the 
cicatricida,  or  disc  (fig.  117)  germ-yolk,  or  formative  yolk, 

is  very  early  recognised  upon  the  rapidly  increasing  formative 
yolk  ; it  is  nearly  always  at  that  part  of  the  yolk  which  cor- 
responds with  the  jjedicle  of  the  ovisac.  It  is  now  that  the  ger- 
minal vesicle,  c,^,with  its  contained  spot,  or  macula  genninativa 
of  Purkinje,  are  distinctly  seen  ; but  no  nucleated  cells  exist. 
The  vesicle  and  spot  disappjear  as  the  yelk  descends  along  the 
oviduct,  Avhether  the  egg  be  fertilised  or  not ; they  are  not  found 
Avhen  the  egg  is  laid,  fig.  11 8,  but  the  cicatricula  has  then  become 
subdivided  into  ttvo  layers,  the  deeper  one  containing  nucleated 
cells,  many  of  which  are  also  seen  in  the  central  parts  of  the 
yolk.  As  each  yolk  enlarges,  its  ovisac  increases  in  vascularity^, 
and,  when  the  yolk  approaches  maturity,  a non-vascular  band, 
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or  zone,  forms  around  it,  in  which,  at  a part  named  the  stirjma, 
a rupture  occurs,  and  the  yolk  escapes  into  the  infundibulum 
of  the  oviduct.  The  remainder  of  the  ruptured  ovisac,  with 
its  coverings,  is  cup-shaped,  and  forms  the  calyx,  which 
gradually  shrinks,  appearing  for  a time  as  a cup-shaped  body. 
As  the  yolk  descends  along  the  oviduct,  the  mucous  membrane 
of  this  canal,  which  is  vascular  and  glandular,  secretes  the 
albumen,  or  white ; this  is  now  added  to  the  surface  of  the  yolk, 
being  deposited  in  spirally-arranged  layer.s,  owing  to  the  rota- 
tion of  the  ovum  during  its  descent,  in  which  it  is  s-uided  bv 
numerous  spiral  folds  of  the  maicous  membrane.  The  first  or 
inner  layers  of  the  white,  are  the  densest,  and  at  each  end  or 


Fig.  117. 


Fig.  117.  Part  of  the  yolk  of  tlie  hen’s  e_'g,  supposed  to  be  taken  from  tlie 
ovarium  (Allen  Thomsoii).  A,  portion  of  the  suiface  of  the  yolk,  show- 
ing the  cicatrioula,  vitelline  disc,  or  germ-yolk,  with  the  germinal 
vesicle,  still  present  in  its  centre.  ( Jlagiiified  6 diameters.)  B,  side  view 
of  cicatrieula.  C,  vertical  sectional  plan  of  cieatricula : m,  vitelline 
membrane;  d,  granular  substance  of  disc;  g,  germiual  vesicle. 


polo,  are  denser  and  semi-opaque,  twisted  portions  of  the 
white,  named  the  chalazce-,  the  turns  of  these  are  in  oppo.dte 
directions,  and  are  also  produced  by  the  spiral  movements  of 
the  yolk,  in  its  descent.  Towards  the  lower  part  of  the  oviduct, 
the  egg,  now  composed  of  the  yolk  and  white,  enters  a dilated 
portion  known  as  the  isthmus  of  the  oviduct,  which  is  lined  by 
a thick  mucous  membrane,  provided  with  innumerable  villi ; 
it  is  here  that  the  egg  acquires  a covering,  which  corresponds 
with  the  chorion  of  the  Alammalian  ovum,  and  becomes  partly 
calcified  to  form  the  sliell.  The  inner  part  forms  the  shell- 
memhrane,  and  the  outer  part,  becoming  calcified,  is  the  shell. 
These  being  secreted  and  deposited  otitside  the  white,  the  egg 
is  completed,  and  then  passes  through  the  cloaca  to  be  deposited. 
Birds  are  called  oviparous  animals. 
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The  shell  of  the  perfect  egg  (fig.  119,  e)  is  composed  of  96 
parts  of  carbonate  of  lime,  2 of  phosphate  of  lime,  and  2 of  animal 
matter.  The  earthymatter  is  deposited  in  minute  crystalline  par- 
ticles, embedded  in  a delicate  animal  basis  ; the  shell  is  jJorous, 
admitting  the  evaporation  of  fluid  from  within,  and  the  passage 
of  gaseous  matters  in  both  directions.  The  shell-memhrane,  d, 
next  within  the  shell,  has  the  appearance  of  tissue-paper,  and 
consists  of  several  layers  of  fine  matted  fibres,  running  spirally, 


Fig.  118. 


Fiff.  Its.  Cicatricula  of  the  hen’s  egg,  after  it  has  been  laid  (Allciji 
Thomson).  A,  cicatricula,  or  .srerin-yolk  in  a fertilised  egg;  it  shows  a 
transparent  central  area,  looking  dark,  and  a few  haloiies  or  haloes  near 
the  circumference.  B,  vertical  sectional  plan  of  the  cicatricula  and  ad- 
jacent part  of  yolk,  in  a fertilised  laid  egg;  a,  vitelline  membrane ; J,  b, 
thick  part  of  cicatricula  or  gorm-yolk,  with  thin  part  or  area  in  the 
centre ; c,  group  of  granules,  occupying  the  position  of  the  former  germinal 
vesicle,  which  has  disappeared  in  the  progress  of  evolution  ; d,  the  canal 
containing  white  yolk,  leading  to  the  latebra;  ee,  the  yellow,  or  nutri- 
tive yolk.  C,  cicatricula  of  an  unfertilised  egg ; it  has  no  germinal 
vesicle,  and  no  transparent  area,  but  only  irregular  blotches. 

and  composed,  it  is  said,  of  solidified  albumen.  At  the  larger 
end  of  the  egg,  the  .shell-membrane  separates,  after  a time,  into 
two  layers,  between  which,  from  the  wasting  of  the  fluid  of 
the  egr,  air  finds  its  way  from  without  through  the  shell ; the 
interval  is  named  the  air-space,  /;  it  increases  with  the  length 
of  time  that  the  egg  is  kept ; it  is  not  essential  to,  though  it 
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may  assist  in,  the  respiration  of  the  embrjm-chick.  The  albu- 
men, or  white  of  the  egg,  is  more  fluid  next  to  the  shell- 
membrane,  but  becomes  denser  in  its  deeper  parts,  next  to 
the  yolk  ; it  consists  of  11-5  per  cent,  of  albumen,  1 to 
2 of  fat,  '5  of  sahne  matters,  chiefly  chloride  of  sodium,  2 of 
extractives,  and  about  84  per  cent,  of  water.  Within  the  white, 
the  large  }'olk  is  held  in  its  place,  or  moored,  by  the  two  coiled 
elastic  threads,  named  the  chalazce,  c c,  and,  being  lighter  than 
the  white,  floats  in  it.  iloreover,  owing  to  the  chalazse  being 
attached  below  the  centre,  or  horizontal  axis,  of  the  yolk,  a 


Fig.  119. 


Fig.  119.  Section  of  the  hen’s  egg  (.-Vlleii  Thomson),  a,  meroblastio  yolk, 
enclosed  by  the  vitelline  meinbraiie.  6,  inner  dense  part  of  albumen. 
b',  outer  thinner  or  more  fluid  part,  c,  e,  the  chalazoe.  d,  double  shell- 
membrane.  e,  the  ^hell.  /,  the  air-space  between  the  two  layers  of  the 
shell-membrane.  The  section  of  the  y -lk  shows  the  halones,  or  concen- 
tric layers,  also  the  central  cavity  or  latebra,  and  the  canal  leading  up 
from  this  to  the  cicatricula  or  disc  at  its  summit. 

particular  portion  of  the  sm-face  of  the  latter,  is  always  upper- 
most when  the  egg  is  laid  upon  its  side  ; dm-ing  incubation, 
therefore,  it  is  next  to  the  hen’s  body,  and  more  accessible  to 
air  and  light.  Tlie  ^olk,  a,  enclosed  within  its  proper  vitelline, 
or  vitellanj  membrane,  is  of  a pale-yellow  colour,  and  even 
of  a lighter  speciflc  gravity  than  water ; it  is  composed  of 
29  per  cent,  of  fatty  or  oily  matter,  17  of  albumen,  traces  of 
phosphor  ised  fatty  matter,  of  cerebric  acid,  and  of  salts,  amount-  , 
ing  in  all  to  2 per  cent.,  and  of  52  per  cent,  of  water.  It  presents : 
a fluid  basis,  composed  of  albumen  in  solution,  mixed  M'ith  fine; 
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gramiles ; in  this,  are  contained  larger  granules,  and  also  larger 
bodies,  called  yolk-vesicles.  These  latter  are  not  ti'ue  cells,  tor 
they  contain  no  nuclei ; they  vary  from  -g-th  to 
inch  in  diameter,  and  are  composed  chiefly  of  fat  particles 
aggregated  togetlier,  but  having  no  distinct  cell-membrane  or 
envelope  around  them,  though  they  may  be  covered  by  an 
indistinct  film  of  firmer  albuminous  sribstance.  The  outer 
parts  of  the  yolk,  as  may  be  seen  when  it  is  boiled,  are  lamin- 
ated or  stratified,  the  sevei’al  concentric  layers  being  called 
halones  or  haloes,  fig.  119;  in  its  centre,  is  a cavity,  known  as  the 
central  cavity  or  latebra,  fig.  119,  in  wdiicli  the  yolk  is  more  fluid 
and  contains  true  nucleated  cells,  mixed  with  free  oil-globules 
of  different  sizes,  floating  in  an  albuminous  fluid,  and  forming 
what  is  called  the  white  yolk.  This  is  an  extension  of  the 
germ-yolk.  Leading  from  this  central  cavity  to  that  surface 
of  the  yolk  which  always  floats  irppermost,  is  a channel  also 
filled  Avith  white  yolk.  At  the  upper  end  of  this  channel, 
is  the  pale,  cii’cular  spot,  or  disc,  known  as  the  cicatricula  or 
germinal  disc,  figs.  116, 117.  This,  Avhich  is  the  essential  part  of 
the  germ-yolk,  consists,  even  before  the  commencement  of  in- 
cubation, of  tAVO  distinctly  separable  layers : the  upper  layer 
consists  of  firm  and  clear  substance ; the  under  layer,  which 
is  larger,  is  more  opaque,  and  is  composed  of  nucleated  cells. 


The  Mammalian  Ovaries  and  Ovum. 

In  the  Mammalia,  the  organs  in  AA-hich  the  oA^a  are  formed, 
the  so-called  ovaries,  are  alwaj^s  double,  one  on  each  side. 
They  are  solid  and  not  racemose,  as  in  the  Bird,  and  are  of 
small  proportionate  size,  corresponding  AA’itli  the  smaller  size 
of  the  holoblastic  OA'a.  They  consist  of  a firm,  indistinctly 
fibrous,  vascular  sti-oma,  containing  numerous  A^esicles,  dis- 
tended Avith  a clear  fluid,  and  named  the  Graafian  vesicles  or 
follicles,  homologous  Avith  the  ovisacs  of  Birds.  These  varA^ 
in  size,  from  that  of  a pin’s  head  to  that  of  a pea,  according  to 
the  stage  of  their  matirrity.  The  Avails  of  each  G-raafian  vesicle, 
con.sist  of  an  enclosing  vascular  stroma,  AAuthin  Avhich  is  a 
membrana  projma,  and,  Avithin  that  an  epithelicd  layer  or  layers, 
forming  the  membrana  granulosa.  Embedded  in  a part  of  this 
latter,  named  the  proligerous  disc,  is  the  minute  holoblastic 
ovum,  aA^eraging  about  diameter.  The 

size  of  the  Human  ovum,  A-aries  fi-om  ^gth  to  yLg-th  of  an 
inch,  that  of  the  germinal  vesicle,  from 
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inch  in  diameter.  In  the  Mammalian  ovary,  the  ovisac,  or 
“vvall  of  the  Graafian  vesicle,  is  not  every^vhere  in  close  contact 
■with  the  ovum,  as  in  Birds. 

At  a certain  period,  a Graafian  follicle  bursts,  not  by  a fis- 
sure, but  by  a small  opening,  and  the  ovum,  with  some  of  the 
nucleated  cells  of  the  membrana  gramxlosa,  a few  of  which 
have  now  acquired  a club-shape  and  chng  to  the  ovum  in 
stellate  masses,  enters  the  funnel-shaped  end  of  the  so-called 
Fallopian  tube,  which  corresponds  with  the  oviduct  in  the 
Bird.  Down  this  tube,  the  ovum  descends  by  peristaltic 
action,  perhaps  aided  by  the  movements  of  cilia,  into  the  cavity 
of  the  uterus  or  womb,  within  which  it  undergoes  its  future 
development.  Each  ovary  has  its  own  Fallopian  tube. 

The  emptied  Graafian  foUicle,  the  walls  of  which  have  pre- 
viously become  thickened  and  vascular,  is  first  filled  with 
effused  blood,  which  becomes  absorbed.  A yellow  substance 
is  then  deposited  in  its  coats,  and,  becoming  plicated,  forms 
the  so-called  corpus  luteum-,  this  is  vascular,  and  consists  of 
cells  arranged  in  a columnar  manner,  mixed  with  soft  fibi'es, 
and  a yellowish  fat.  It  gradually  disappears. 

In  the  meantime,  the  lining-membrane  of  the  uterus,  with 
its  columnar  ciliated  epithelium,  has  become  thickened  and 
more  vascular,  and  certain  glands  within  it  are  highly  deve- 
loped, so  as  to  form  perpendicular  tubuli.  The  intertubular 
substance  also  undergoes  hypertrophy,  soon  containing  many 
new  cells,  with  much  fluid  and  fatty  matter,  thus  forming 
a soft  nutrient  matrix,  from  which,  by  mere  imbibition,  the 
early  ovum  may  be  nourished.  The  superficial  stratum  of 
the  altered  mucous  membrane,  thus  modified,  becomes 
changed  into  the  soft,  pulpy,  opaque  membrane,  known  as  the 
decidua,  because  it  is  thrown  off  with  the  embryo  at  birth. 
This  membrane  consists,  after  a time,  of  two  layers,  known  as 
the  decidua  vera,  and  the  decidua  refiexa.  The  decidua  vera  is 
cribriform,  being  perforated  by  little  orifices  corresponding  with 
the  enlarged  uteidne  glands ; it  lines  the  uterus,  but  is  wanting 
at  the  orifice,  and  also  at  the  openings  of  the  two  Fallopian  tubes. 
It  contains  tortuous  arteries  proceeding  from  the  uterus,  together 
with  large  veins  and  venous  sinuses,  fine  areolar  tissue,  nu- 
cleated cells,  and  soft  granular  matter.  As  this  structure 
grows,  it  ultimately  forms  the  maternal  piortion  of  the  pla- 
centa, with  its  arteries,  and  venous  sinuses  or  lacuna;,  which 
is  intended  to  convey  nourishment  to  the  future  embryo,  and 
to  accomplish  tlie  respiratory  changes  in  its  blood.  To  some 


THE  CHORION  AND  ITS  CHANGES. 


599 


part  of  the  decidua  vera,  the  ovum  soon  becomes  adherent, 
whilst  the  decidua  rejiexa^  as  its  name  implies,  covers  in  tlm 
ovum,  either  owing  to  a sinking-in  of  that  little  body,  or  to  a 
rising-up  of  the  decidual  membrane.  Ultimately  the  two  portions 
of  the  decidua,  coalesce,  or  the  reflected  part  disappears.  At  the 
same  time  that  the  decidua  generally,  is  becoming  converted 
into  the  maternal  portion  of  the  placenta,  the  ovum  itself,  having 
been  fertilised,  grows  rapidly,  and  undergoes  remarkable 
changes  in  its  interior — some  relating  to  the  formation  of  the 
embryo  itself,  others  referring  to  the  coats  or  membranes, 
which  constitute  its  means  of  protection  and  of  attachment  to 
the  maternal  placenta.  The  outer  vitelline  membrane,  which, 
from  its  thick  and  transparent  albuminoid  character,  is  named 
zo7ia pellucida,  having  lost  the  club-shaped  adherent  cells  of 
the  membrana  granulosa,  has  developed  around  it,  a thin  but 
strong,  Avhitish  membrane,  named  the  chorion,  corresponding 
with  the  shell-membrane  of  the  Bird’s  egg.  The  chorion  is  a 
fibrous  membrane,  having  a layer  of  tesselated  cells  outside  it. 
At  first,  smooth  on  its  outer  surface,  it  speedily  becomes  covered 
over  with  minute,  soft,  scattered  knobs,  which  soon  enlarge 
and  form  simple  villi.  These,  composed  of  nucleated  cells 
only,  like  the  outer  tesselated  layer  of  the  chorion  itself,  grow 
rapidly,  and  form  swollen  or  club-shaped  ends,  which  embed 
themselves  in  the  soft  structure  of  the  early  decidua  vera,  from 
which  they  doubtless  actively  absorb  nourishment  for  the 
ovum.  Afterwards,  these  primitive  villi  are  replaced  by  other 
branched  or  tufted  villi,  which  form  the  so-called  shaggtj  or 
villous  chorion.  These  latter  viUi,  after  the  others  have  dis- 
appeared, continue  to  enlarge,  receive  bloodvessels  proceeding 
from  the  embryo  now  forming  within  the  ovum,  and  so  pro- 
duce vascular  processes  or  tufts,  which  project,  or  depend,  into 
the  venous  sinuses  or  lacunce  of  the  maternal  portion  of  the 
placenta.  They  constitute  the  emhrgonal  or  foetal  giortion  of  the 
placenta,  and,  coming  into  close  relation  with  the  maternal 
blood,  are  the  organs  by  which  the  nutrition  and  respiration 
of  the  embryo  are  henceforth  carried  on. 

The  chorion  itself  soon  becomes  lined  with  another  membrane, 
named  the  amnion,  which,  as  will  afterwards  be  described,  is 
derived  from  the  embryo,  and  contains  a fluid,  the  liquor 
amnii,  which  serves  to  protect  the  foetus  in  utero,  until  the 
moment  of  its  birth.  The  Mammalia  are  called  viviparous 
animals. 
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The  Ovaries  and  Ova  of  other  Animals. 

The  description  of  the  onim  of  Mammalia  and  Birds,  applies,  in  most 
respects,  to  the  ova  of  the  other  Vertehrata ; hnt  there  are  certain  pecu- 
liarities in  some  of  these,  and  in  the  ovaries  in  vhich  they  are  formed. 
The  same  parts  in  the  Non-vertebrate  animals,  also  require  notice. 

lieptilia. — In  the  Eeptiles,  vhich  like  Birds  are  oviparous,  the  ovary 
is  also,  as  in  them,  racemose,  and,  as  a rule,  single.  The  yolk  is  large, 
and  covered  vith  an  abtmdant  vhite,  enclosed  in  a shell ; but  this  is 
soft,  instead  of  being  firralj'  calcified.  AVhen  the  yolk  is  formed,  the 
ova  escape,  by  dehiscence,  into  the  abdominal  cavit}',  and  are  afterwards 
received  into  the  oviduct,  which  is  placed  at  a considerable  distance 
higher  up.  By  these,  as  in  Birds,  they  are  discharged  into  the  cloaca, 
and  thence  are  generally  deposited  externally,  or  oviparou.sly.  In  the 
viper,  the  slow-worm,  and  green  lizard,  however,  the  development  of  the 
embryo  takes  place  partially  within  the  body  of  the  parent ; hence  such 
reptiles  are  said  to  be  ovoviviparous. 

Amphibia. — In  the  Amphibia,  the  ovaries  are  double,  and  the  ova  are 
no  longer,  as  in  the  Mammalia,  Birds,  and  Reptiles,  brought  to  maturity 
m succession,  hrit  simultaneously,  being  received  into  the  oviducts,  they 
are  conveyed  to  the  cloaca,  and  are  then  deposited  in  the  water,  either 
singly,  in  chains,  or  in  masses.  They  are  surrounded  by  a soft,  mucous, 
areolar  tissue,  which  swells  up  in  the  water,  keeps  the  ova  apart,  allows 
light  and  aerated  water  to  get  between  them,  and  supplies  temporary  food 
to  the  young  tadpoles. 

Fishes. — In  Fishes,  the  ovaries  are  also  double  and  symmetrical,  and 
are  chiefly  remarkable  for  the  enormous  number  of  ova  developed  in 
them.  The  number  of  ova  in  a codfish,  has  been  found  to  be  upwards 
of  3,500,000,  in  a flounder  1,300,000,  and  in  a mackerel  more  than 
500,000.  They  are  usually  matured  and  deposited  simultaneously,  but 
in  the  case  of  migratory  sea-fishes,  like  the  herring,  probably  at  suc- 
cessive periods.  In  certain  Fishes  which  are  ovoviviparous.  the  ova 
are  few  in  number,  and  are  deposited  at  short  intervals.  Most  com- 
monlj',  the , ovaries  have  an  excretory  duct,  continuous  with  them,  like 
the  duct  of  a gland,  by  means  of  which  the  ova  are  discharged  into 
the  water.  The  Cartilaginous,  and  a small  number  of  Osseous  Fishes, 
however,  have  no  such  excretory  duct,  but  the  ova  pass  into  the  peri- 
toneeal  cavity,  from  which  they  escape,  in  the  Cyclostomata,  by  an  orifice 
on  the  under-side  of  the  hinder  part  of  that  cavity,  named  the  ahdo- 
minal  pore.  In  the  sh.arks,  a short  tube,  or  rudimentary  oviduct,  first 
receives  the  ovum.  In  a sort  of  chamber,  connected  with  this,  the 
peculiarly-shaped,  horny,  protective  case  is  secreted,  like  a chorion,  in 
which  the  ovum  is  discharged. 

In  the  Non-vertebrated  animals,  the  ovaries  are  neither  solid  and 
parenchymatous  as  in  Mammalia,  nor  racemose  as  in  Birds,  Reptiles, 
Amphibia,  and  Fishes.  In  the  higher  forms,  they  consist  of  sacs,  cecca. 
or  tubuli,  which  may  be  simple  or  ramified,  and  which,  like  a gland, 
have  an  attached  or  connected  duct,  named  the  oviduct,  which,  however, 
is  not  separate  from  the  ovary,  as  in  most  Vertehrata.  In  the  lowest 
forms,  the  ova  are  developed,  sometimes  in  a loose  filamentous  tissue,  or 
in  membranous  plicae,  or  upon  stalks  or  processes  in  the  interior  of  the 
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body,  as  in  the  Ccelenterata,  or  are  actually  embedded  in  its  substance, 
as  in  the  Protozoa. 

MoUiisca  and  Molluscoida. — In  the  Cephalopods,  the  ovaries  are  sac- 
cular. The  ova  are  developed  upon  short  processes  in  these  sacs,  and, 
when  detached,  leave  a part  behind,  somewhat  resembling  a calj-x.  They 
are  received  into  a special  chamber,  in  which  a protective  covering  is 
superadded  to  them.  In  the  other  Mollusca,  the  ovaries  are  found  either 
arranged  in  strings,  or  in  masses  in  the  body-cavity.  In  the  Lamelli- 
branchiata,  the  ovaries  are  follicular.  In  the  Molluscoida,  the  ova,  de- 
veloped in  follicles,  are  discharged  by  the  oral  cavity. 

Anmdosa  and  Annuloida. — In  Insects,  the  eggs  are  generally  nume- 
rous ; the  ovaries  are  cfecal,  like  the  follicles  of  glands ; they  are  double 
and  symmetrical,  but  have  a common  outlet,  in  a sort  of  cloaca ; fre- 
quently, the  eggs  are  laid  by  aid  of  an  ovipositor.  The  females  of  many 
Insects,  have  a reservoir,  known  as  the  spermotheca,  like  the  bee.  In 
the  Crustacea,  the  ovaries  are  also  double,  each  having  its  own  outlet; 
they  form  caeca,  usually  branched,  but  in  the  lower  forms,  simple.  The 
oviducts  are  often  provided  with  a spermotheca.  Tlie  Arachnida  have 
elongated  vesicular  ovaries.  In  the  Myriapoda,  they  are  like  those  of 
Insects.  In  the  Annelids,  the  ovaries  have  no  oviducts,  but  tlie  ova  are 
set  free  in  the  perivisceral  cavity.  Amongst  the  Annuloida,  in  the 
vermiform  Seolecida,  the  ovaries  are  either  simple,  or,  more  commonly, 
consist  of  much-ramified  tubuli.  The  ova  are  numerous,  and  are  dis- 
charged from  a proper  outlet,  or  from  the  anal  orifice.  In  the  Tcenia, 
the  ovaries  are  multiple,  like  the  body ; each  segment  has  its  ramified 
canals ; in  one  species,  the  total  number  of  eggs,  in  all  the  segments,  is 
said  to  be  61,000,000.  In  the  Rotifera,  the  ovary  is  single  and  saccu- 
lar ; the  young  are  sometimes  developed,  more  or  less  completely,  within 
the  parent  animal.  In  the  Echinodermata,  the  ovaries  are  ramified 
tubes,  modified  according  to  the  shape  of  the  body  of  the  animal,  there 
being  usually  a pair  in  each  arm  or  segment ; but  in  the  Holothurida, 
they  are  single,  have  terminal  clusters  of  cseca,  and  open  near  the 
mouth. 

Ccelenterata. — In  some  of  these,  as  in  the  Physograde  and  Cirrhigrade 
forms,  the  ova  are  developed  in  clusters  on  the  base  of  the  cirrhi.  In 
the  Pulmograde  forms,  they  are  developed  in  sacs  in  the  bodj'-cavity. 
In  the  Actinozoa,  they  adhere  to  plicated  folds  of  membrane,  in  that 
cavity.  There  are  no  oviducts,  and  the  ova  are  discharged  from  the  oral 
aperture. 

Protozoa. — In  these  animals,  the  germ-cells,  scarcely  appear  like  true 
ova  ; they  form  on,  or  in,  the  substance  of  the  parent. 

Prom  the  preceding  account,  it  is  evident  that  the  ovaries  are  homo- 
logous with  glands ; so  that  the  germ-cells,  or  ova,  may,  as  well  as  the 
sperm-cells,  be  regarded  as  the  products  of  a special  nutrient  secre- 
tive act. 


The  Fertilisation  of  the  Ovum. 

The  fertilisation  of  the  ovum,  whether  it  occur  within,  or 
■without,  the  body  of  the  ovigerous  parent,  requires  the  con- 
tact of  the  male  fertilising  agent,  which,  in  many  cases,  has 
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been  recognised  under  tlie  microscope,  by  the  actual  presence 
of  spermatozoa  upon,  or  even  within,  the  zona  pellucida  of 
the  Mammalian  ova,  or  upon,  or  within,  the  vitelline  mem- 
brane in  other  ova. 

In  the  iMammalia,  fertilisation  occurs  in  the  Fallopian  tube, 
or  in  the  uterus.  In  Birds  and  Reptiles,  and  in  the  higher  Car- 
tilaginous and  a few  Osseous  Fishes,  which  are  ovoviviparous, 
it  takes  place  as  the  yolk  enters  the  oviduct,  before  it  receives 
its  coating  of  albumen.  In  Amphibia,  it  happens  at  the  time 
of  deposit  of  the  ova,  and  in  Fishes,  with  the  exception  of  a 
few,  immediately  after.  In  the  Mollusca  and  Molluscoida, 
Annulosa  and  Annuloida,  and  Coelenterata,  fertilisation  occurs 
within  the  body,  whether  the  sexes  be  distinct,  or  whether 


Fig.  120.  a,  spermatozoa  of  the  squirrel.  J,  spermatozoa  of  the  dog,  still 
enclosed  in  the  sperm-cells.  U'hrce  spermatozoa  are  shown  free,  above. 
Very  highly  magnified  (Wagner,  Leuckhardt). 

hermaphrodite  individuals  contain  both  ovaries  and  fertilising 
organs.  Even  in  the  Protozoa,  separate  nuclear  bodies  exist, 
which  combine  or  conjugate,  previously  to  the  reproduction 
of  new  individuals. 

In  the  Mammalian  ovum,  it  is  said  that  the  germinal  vesicle 
approaches  one  side  of  the  germ-cell,  and  even  has  its 
germinal  spot  turned  in  the  same  direction — that  is.  towards  the 
side  directed  to  the  place  of  rupture  in  the  Graafian  follicle. 
Such  a movement  would  certainly  facilitate  the  access  of  the 
fertilising  agent  to  the  germinal  vesicle  and  spot,  that  is,  to 
the  nucleus  and  nucleolus  of  this  primitive  cell. 


Fig.  120. 
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In  the  Frog’s  spawn,  the  spermatozoa  have  been  seen  in  the 
jelly-like  envelopes  of  the  ova,  and  also  within  the  ovum.  In 
certain  Osseous  Fishes, a minute,  funnel-shaped  aperture,  named 
the  micropijlc^  forms,  at  one  period,  in  the  vitelline  membrane, 
and  admits  the  entrance  of  the  spermatozoa.  A micropyle  has 
also  been  seen  in  the  ova  of  the  Lamellibranchiate  Mollusca, 
of  certain  Insects,  and  of  some  Echinodermata.  In  these  cases, 
the  vitelline  membrane  is  relatively  thick.  No  micropyle  has 
been  seen  in  any  of  the  Vertebrata,  excepting  in  Osseous 
Fishes. 


DEVELOPMENT. 

CHANGES  IN  THE  OVUM.  FIRST  FORMATION  OF  THE  EMBRYO, 
AND  ITS  APPENDAGES. 

The  first  essential  change  which  occurs  in  the  fertilised 
ovum,  is  the  so-called  cleavage  or  segmentation  of  the  yolk. 
In  the  holoblastic  Mammalian  ovum,  the  yolk  is  seen  to  be 
agitated  by  a peculiar  movement — to  elongate,  contract  itself 
in  the  middle,  and  then  to  divide  into  two.  Each  half  rapidly 
undergoes  further  movement,  contraction,  and  division,  so  that 
it  now  consists  of  four  parts.  By  subsequent  subdivision,  these 
next  form  eight,  sixteen,  thirty-two  parts,  and  so  forth.  The 
first  effect  of  this  cleavage,  is  to  transform  the  yolk  into  a 
mulberry-looking  mass ; but,  after  repeated  subdivision,  the 
surface  again  becomes  smooth,  and  uniform  or  granular,  and 
is  composed  entirely  of  an  immense  number  of  polyhe- 
dral nucleated  cells,  which  form  a layer  within  the  vitelline 
membrane,  and  constitute  the  so-called  germ-sac  of  Coste,  or 
blastodermic  vesicle  of  Bischoff.  The  central  fluid  part  be- 
comes clear.  The  segmentation  of  the  entire  yolk,  has  been 
observed  in  all  cases  of  development  from  holoblastic  ova,  even 
in  Non-vertebrate  animals.  In  the  eggs  of  certain  Branchio- 
gasteropods,  a remarkable  revolution  of  the  yolk  takes  place, 
subsequently  to  the  period  of  its  segmentation,  the  yolk  turn- 
ing first  in  one  way  and  then  in  another,  within  the  vitelline 
membrane ; this  is  said  to  depend  on  ciliary  movements. 
In  the  meroblastic  ova  of  the  Cephalopods,  certain  Fishes,  Eep- 
tiles,  and  Birds,  only  a part  of  the  yolk,  viz.  the  germ-yolk, 
in  the  neighbourhood  of  the  germinal  vesicle,  undergoes  this 
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segmentation,  the  result  being  the  formation  of  the  gennina! 
disc  or  cicatricula,  already  mentioned,  from  -which,  ho-wever, 


Fig.  121. 


Pig.  121.  Changes  in  the  ovum  of  a Maniinalian  animal,  after  fertilisation 
(.illen  Thomson),  a to  e,  successive  stages  in  the  segmentation  or 
cleavage  of  the  yolk,  a,  yolk  still  undivided;  b,  cleft  into  two  masses, 
each  surrounding  a nucleus;  c,  divided  into  four;  cl,  non-dirided;  e, 
mulberrj'-like  stage  of  subdivision,  to  form  the  blastoderm.  The  small 
nucleated  yolk-masses  have  no  distinct  envelopes.  The  ovum  has  ac- 
quired a thicker  coat,  or  chorion.  After  this,  the  surface  of  the  yolk 
again  becomes  smooth,  and  composed  of  nucleated  cells,  having  true 
envelopes.  The  diagram  /shows  the  relations  of  the  embryo  and  its  so- 
called  appendages.  The  dark  curved  body  is  the  embryo ; beneath  it,  is 
the  open  part,  h ading  by  the  vitelline  duct,  to  the  yolk-sac,  or  future 
umbilical  vesicle.  Immediately  surrounding  the  embryo,  above  it,  and 
at  each  end,  is  the  sac  of  the  amnion,  or  true  amnion ; the  dotted  line 
shows  the  false  amnion.  Outside  this,  is  the  chorion,  cho,  with  its  ru- 
dimentarj'  villi.  The  bladder-like  organ,  projecting  from  the  hmder  end 
of  the  embryo,  is  the  allantois. 

an  extension  of  a single  layer  of  cells,  proceeds  over  tbe  mi- 
segmented  portion  of  the  yolk,  forming  the  so-caUed  ger- 
minal sac. 


THE  GEEHI>’AL  DISC. 


605 


This  yolk-cleavage  is  a phenomenon  of  cell-diiision.  It  is 
stated  by  Mliller,  Gegenbauer,  and  Leydig,  that  the  germinal 
vesicle,  or  nucleus  of  the  cell  of  the  ovum,  and  the  germinal 
spot,  or  nucleolus  of  that  cell,  are  directly  concerned  in  this 
process.  The  nucleolus  and  nucleus  are  said  to  divide  suc- 
cessively into  two,  four,  and  many  nuclei ; around  which,  the 
yolk,  apparently  governed  by  these  successive  subdivisions  of 
the  nucleus,  gathers  for  the  development  of  the  nucleated  cells. 
In  the  last  generation,  these  cells  acquire  distinct  cell-walls. 
According  to  others,  in  certain  animals,  the  germinal  vesicle 
and  germinal  spot,  the  primitive  nucleus  and  nucleolus,  dis- 
appear completely,  immediately  after  fertilisation  occurs,  and 
their  future  destiny  cannot  be  traced;  biit  a fresh  cell  or 
nucleus  is  supposed  to  be  formed,  around  which  the  yolk 
gathers,  and  by  the  repeated  subdivision  of  this,  into  two,  four, 
eight,  and  so  forth,  rhe  cleavage  of  the  yolk  is  accomplished. 
The  first  cell  from  which  these  arise,  has  been  named  the  em- 
hryo  cell.  According  to  the  former  view,  the  cells  which 
appear  on  the  surface  of  the  yolk,  and  out  of  a part  of  which,  as 
we  shall  immediately  see,  the  embryo  itplf  begins  to  be 
evolved,  are  derived  directly  from  a nucleus,  once  forming  a 
part  of  the  maternal  organism.  According  to  the  latter  vieAv, 
they,  and  therefore  the  embryo,  are  developed  indirectly,  or 
independently,  after  the  solution  and  diffusion  of  the  primitive 
germinal  vesicle  and  spot,  Avith  the  fertilising  agent,  in  the 
substance  of  the  yolk.  In  the  floAvering  plants,  also,  the  nucleus 
or  germ-vesicle  of  the  ovule,  or  ovum-cell,  is  said,  by  some, 
not  to  participate  in  the  formation  of  the  cells  from  Avhich 
the  embiyo  plant  is  developed.  Whichever  of  the  preceding 
vieAvs  be  adopted,  the  cleavage  of  the  yolk  is  attributed,  how- 
ever, to  the  formative  force,  known  as  the  germ-force,  resident 
in  the  first-formed  nucleus  and  nucleolus,  and  continued  in 
all  their  successive  subdivisions.  The  germinal  vesicle  and 
spot,  as  already  stated,  are  said  to  disappear  even  in  unfertilised 
Bird’s  ova. 

The  formation  of  the  layer  of  nucleated  cells  Avhich  constitute 
the  germ-sac  of  the  holoblastic,  or  the  germinal  disc  of  the  me- 
roblastic,  ovum,  as  a I'esult  of  the  cleavage  of  the  yolk,  is  alto- 
gether preliminary  to  the  formation  of  the  embryo,  Avdiich 
cannot  yet  be  recognised.  In  the  Non-Amrtebrate  holoblastic 
ovum,  as,  for  example,  in  the  Nematoid  Ascarides,  these  cells 
soon  aggregate  into  a more  or  less  coiled  opaque  mass,  Avhich 
asbumefe  the  shape  of  the  embryo,  and  then,  by  further  develop- 
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ment,  actually  forms  the  young  animal.  This  is  also  the  case 
in  the  Echinodermata,  the  smaller  Crustacea,  and  Arachnida, 
the  insecta,  and  the  Mollusca,  except  the  Cephalopods.  But  in 
the  higher  animals,  with  holoblastic  ova,  such  as  the  Cyclo- 
stomatous  Fishes,  the  Amphibia,  and  the  Mammalia,  the 
cleavage-cells  form,  at  a certain  part  of  the  germ-sac,  a small 
opaque  hemispherical  mass,  which  soon  spreads  out  into  a 
disc-like  layer,  and  constitutes  the  so-called  (jerminal  disc 
or  area,  area  fjerminativa,  embri/o-spof,  or  blastoderm.  It  is 
the  central  part  of  this,  -which  is  directly  concerned  in  the 
tormation  of  the  embryo.  In  the  Molluscous,  and  other  animals 
just  enumerated,  no  such  germinal  area  is  found.  In  all  the 
meroblastic  ova,  whether  of  Non-vertebrate  or  Vertebrate  type, 
as  is  -n^ell  seen  in  the  hen's  egg,  the  cicatricula,  or  germinal 
disc,  already  described,  constitutes  this  germinal  area  or  em- 
bryo-spot. 

In  this  area,  as  in  that  of  the  higher  holoblastic  ova,  the 
first  traces  of  the  embryo  are  formed.  Amongst  the  Non-ver- 
tebrate types,  those  of  the  higher  Arachnida,  and  Crustacea, 
appear  as  a certain  number  oi  opaque  spots,  having  a beautiful 
s}'mmetrical  arrangement,  -whilst  in  the  Cephalopods,  they 
commence  by  a small  munber  of  primitive  masses.  In  the 
Vertebrate  holoblastic  or  meroblastic  ova,  the  commencement 
of  the  embryo  is  always  indicated,  amongst  other  things,  by 
the  appearance  of  a linear  prmitiue  streak.  This  is  quite 
characteristic  of  the  Vertebrate  type  of  ovum,  not  occurring 
even  in  the  elongated  Annulose  type.  The  evolution  of  the 
'\’ertebrate  embrj-o,  can  alone  occupy  oui-  attention  here.  That 
of  the  chick  in  ovo,  will  be  generally  followed ; but  the  pecu- 
liarities of  the  ovum  of  the  Mammalia,  wiU  also  be  indicated. 

“When  first  formed,  the  appearance  of  the  blastoderm,  or 
blastodermic  layer  of  the  germinal  area,  is  nearly  or  quite 
uniform,  all  its  nucleated  cells  being  alike,  and  the  result  of  a 
homogeneous  evolution.  But  soon,  a heterogeneous  develop- 
ment ensues,  cells  of  different  character,  and  collected  in 
peculiar  situations,  appear,  and,  by  more  special  aggregations, 
and  wider  differentiations,  the  various  parts  which  form  the 
embrjm,  its  organs,  tissues,  and  appendages,  are  evolved. 

First,  the  germinal  area  or  disc  increases  in  size  or  thickness, 
by  the  formation  of  new  cells ; as  already  mentioned,  it  very 
early  consists  of  two  layers,  named  the  upper,  e.rternal.  or 
sei'oiis,  and  the  lower,  internal,  or  mucous  germinal  lamina,  or 
plate-,  between  these,  a middle  germinal  layer,  lamina,  or 
plate,  is  soon  formed,  but  rather  in  c(  nnectiou  with  the  serous 
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layer.  The  internal  layer,  epithelial  in  structure,  is  soon  pro- 
longed over  the  germinal  sac,  which  covers  the  yolk ; the  outer 
layer  also  extends  itself,  but  the  middle  layer  does  not  pass  be- 
yond the  limits  of  the  embryo-spot.  As  the  germinal  area 
enlarges,  it  presents  a central  transparent  region,  kno^vn  as  the 
transparent  area,  or  urea  pellucida,  around  which  is  a denser 
portion,  named  the  opaque  area,  or  area  opaca-,  beyond  this, 
is  the  vitelline  area.  The  transparent  area  is  at  first  circular, 
but  soon  oval,  and  afterwards  pear-shaped ; in  it,  the  first 
rudiments  of  the  embryo  appear,  in  the  form  of  a linear 
oblong  mark,  or  streak,  called  the  primitive  trace,  or  groove. 
This  consists  of  a median  or  axial  furrow,  bounded  by  two 
lateral  longitudinal  plates,  named  the  lanince  dorsales,  which 
enlarge  and  elongate,  as  the  area  itself  becomes  lai-ger  and 
jryriform  in  outline.  Beneath  this  groove,  immediately  below 
its  floor,  appears  a delicate,  semi-opaqire  thread,  at  first  cel- 
lular, but  soon  becoming  cartilaginous,  named  the  chorda  dor- 
salis or  which  part,  so  characteristic  of  the  Vertebrate 

type,  is  recognisable  in  the  chick,  as  early  as  18  horu’s  after 
incubation.  These  are  the  rudimentary  parts  of  the  embryo, 
one  end  giving  origin  to  the  head,  and  the  other  corresponding 
with  the  tail.  The  position  of  these  rudiments  is  remarkably 
constant  in  the  hen’s  egg,  always  lying  transversely  to  the 
long  axis  of  the  egg;  as  the  embryo-chick  develops,  it  turns 
upon  its  side,  so  that  the  forejjart  of  the  head  usually  faces 
the  narrow  end  of  the  egg. 

In  the  rudimentary  stage  just  described,  a vertical  section 
across  the  embryonal  line  of  the  germinal  area,  would  show  the 
edges  of  the  three  germinal  lagers  of  the  hlastoderni,  with  the 
primitive  groove  or  furrow  in  the  centre,  and  the  cross-section 
of  the  chorda  dorsalis  beneath  it. 

From  these  three  layers,  the  parts  of  the  future  embryo  are 
thus  evolved.  From  the  upper  external  or  serous  layer,  also 
named  the  sensorial  layer,  are  develoj)ed,  along  its  axial  portion, 
the  cerebro-spinal  nervous  axis,  and  the  organs  of  the  senses ; 
and,  from  its  lateral  portions,  the  cuticle  or  outer  skin,  with 
its  epidermic  appendages,  the  feathers,  bill,  and  claws,  and  in 
Mammalia,  the  nails  and  hairs;  lastly,  the  sebaceous  and  sudo- 
riferous cutaneous  glands  and  the  Meibomian,  ceruminous,  and 
mammary  glands.  From  the  middle  layer,  also  called  the 
motorio-sexual  layer,  are  develojred,  by  complicated  metamor- 
phoses of  its  substance,  the  bones,  the  muscular  system,  the 
perijaheral  spinal  nerves,  the  sympathetic  nerves,  the  heart, 
bloodvessels,  and  Ijunphatic  system,  the  so-called  ductless 
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glands,  and  the  i-eproductive  organs ; also,  next  to  the  external 
layer,  the  true  skin,  and,  next  to  the  internal  layer,  the  mus- 
cular and  submucous  coats  of  the  alimentary  canal.  Lastly, 
from  the  internal  layer,  also  called  the  mucous  or  intestinal 
layer,  are  developed,  the  epithelial  lining  of  the  alimentaiy 
canal,  and  all  its  glandular  extensions,  such  as  the  mucous, 
gastric,  and  intestinal  glands,  the  pancreas  and  the  liver,  also 
the  lungs  and  respiratory  passages,  and  the  urinary  apparatus, 
including  the  bladder,  ureters,  and  kidneys. . 

\fdiilst,  therefore,  the  middle  layer  gives  rise,  by  very  strik- 
ing difi'erentiations,  to  a great  variety  of  tissues,  the  upper 
and  lower  layers,  except  that  part  of  the  former  which  gives 
origin  to  the  brain  and  sj^inal  cord,  produce  textures  com- 
posed of  simpler  forms  of  cell-tissue. 

These  layers  also  contribute,  in  a manner  to  be  presently’ 
described,  to  the  formation  of  three  parts  or  appendages  ex- 
ternal to  the  body  of  the  embryo — viz.,  the  amnion,  the  yolk- 
sac  or  umbilical  vesicle,  and  the  allantois. 


GENERAL  DEVELOPMENT  OF  THE  EMBRYO  AND  ITS  APPEND.YGES. 

The  borders  of  the  primitive  or  vertebral  groove,  including 
parts  of  the  external  and  middle  layer  (the  former  named  the 
medullary  plate,  and  the  latter  the  vertebral  plate),  rise  up  on 
each  side,  and  ultimately’  unite  along  the  middle  line,  to  form  a 
canal,  containing  the  rudiments  of  the  future  brain  and  spinal 
cord  ; the  anterior  part  or  cephalic  end  of  this  canal,  becomes 
more  expanded  than  the  rest,  whilst  the  ^xisterior  part  tapers 
to  a point.  In  this  way,  the  so-called  neural  cavity  (vol.  i. 
p.  134)  of  the  future  animal,  is  formed  above  the  chorda  dor- 
siilis,  traces  of  w’hich  are,  for  a time,  found  passing  through 
the  bodies  of  the  growing  vertebra.  Soon,  fi-om  the  vertebral 
plates,  where  these  turn  upwards,  the  external  and  middle 
lay’ers  extend  sideways,  constituting  the  so-called  lateral  plates, 
which,  growing  downw’ards,  and  bending  inwards,  form  the 
walls  of  the  abdomen,  and  enclose  a cavity’  which  is  placed 
beneath  the  chorda  dorsalis,  immediately’  in  contact  with  the 
yolk ; this  ultimately  constitutes  the  hoemal  or  thoracico- 
abdominal  cavity  of  the  future  animal;  it  soon  contains  the 
heart  and  great  bloodvessels,  and  the  rudiments  of  the  alimen- 
tary canal,  which  is  completed  by  a corresponding  folding- in 
of  the  internal  blastodermic  layer  which  lies  immediately  upon 
the  yolk. 


THE  AMNION. 


C09 


The  embryo,  by  the  bending  in  of  its  sides,  next  appears  to 
be  raised  from  the  yolk,  and  partially  shut  oft’  from  it,  by  a 
sort  of  constriction  which  takes  place,  first  beneath  the  head 
and  the  caudal  extremity,  and  afterwards  at  each  side.  Ulti- 
mately, this  constriction  shuts  oft'  the  body  of  the  embryo 
from  the  yolk-sac,  which  then  communicates  only  by  a narrow 
])assage,  the  ductus  vitefli,  or  vitelline  duct,  \vith  the  central 
space  in  the  interior  of  the  embryo,  now  the  rudimentary 
alimentar}^  canal,  lying  in  the  htemal  cavity.  The  yolk-sac 
thus  cut  off,  shrinks,  and  forms  the  ttmbiiical  vesicle.  The 
head  of  the  embryo,  now  free,  bends  down  towards  the  yolk, 
and  forms  the  cephalic  flexure.  At  the  same  time,  a delicate 
transparent  membranous  fold,  derived  from  the  external  germi- 
nal layer  of  the  blastoderm,  rises,  like  a hood,  over  that  part  of 
the  embryo;  a similar,  but  smaller,  told  rises  over  the  free 
caudal  extremity,  and,  on  each  side,  where  the  lateral  plates 
bend  in  to  form  the  constriction  just  described,  corresponding 
folds  arise.  These  folds  are  double  ; they  grow,  and  at  length 
meet  over  the  back  of  the  embryo,  and  coalesce  so  as  to  form, 
by  their  innermost  layer,  a complete,  birt  delicate,  closed  sac, 
called  the  amnion,  which,  in  the  chick,  is  perfected  as  early  as 
the  third  day  of  incubation.  This  is  at  first  close  to  the  em- 
bryo, but  it  soon  expands,  and  carries  with  it  the  outer  layer  of 
the  same  folds,  rvhich  afterwards  reaches  the  shell  membrane 
in  the  Bird,  but  in  the  Mammalian  ovum,  becomes  attached  to 
the  inner  surface  of  the  chorion,  and  so  forms  the  false  amnion. 
The  sac  of  the  amnion  surrounds  the  vitelline  duct,  in  a sort 
of  sheath,  and  thence  becomes  continuous  with  the  skin  cover- 
ing the  body  of  the  embryo  (see  fig.  121). 

The  amnion  is,  thin,  transparent,  and  non-vascular.  It 
consists,  at  first,  of  a structureless  basement  membrane,  lined 
with  a delicate  squamous  epithelium  ; afterwards  it  contains 
fusiform  cells,  and  a fine  areolar  tissue,  and,  in  Birds,- even  non- 
striated  muscular  fibres.  Its  fluid  contents,  the  liquor  amnii, 
usually  alkaline,  consist  of  water,  having  in  solution  from  1 
to  3 per  cent,  of  solid  matter:  this  is  composed  of  a little  albu- 
meir,  traces  of  urea  and  uric  acid,  allantoin  and  other  extrac- 
tives, salts,  such  as  lactate  of  soda  and  sulphate  and  phosphate 
of  lime,  and  lastly,  sebaceous  matter,  epidermoid  scales,  and 
minute  hairs  thrown  off  from  the  embryo. 

The  amnion,  considered  as  an  appendage  of  the  embryo,  is 
chiefly  protectir'e,  but  may  be  respiratory  or  emunctory.  It 
is  present  not  only  around  the  embryo  of  the  Bird,  but  also 
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around  that  of  Mammalia  and  Reptiles.  The  embryoes  of  the 
Amphibia  and  the  Fish,  however,  which  are  developed  in,  and 
surrounded  by,  water,  are  destitute  of  an  amnion,  no  such 
covering  being  formed,  and  no  folding  over  of  the  external 
blastodermic  layer  taking  place,  as  in  the  ovum  of  the  Reptile, 
Bird,  and  Mammal. 

The  umbilical  vesicle  or  yolk-sac  already  mentioned,  may  also 
be  regarded  as  another  appendage  of  the  embryo.  It  is  formed, 
as  just  described,  by  the  lower  part  of  the  yolk-sac,  sur- 
rounded by  an  extension  of  the  innermost  germinal  layer,  and 
connected  with  the  intestinal  canal  of  the  embryo,  by  the  con- 
stricted passage  named  the  vitelline  duct  (fig.  121).  It  is  not 
only  external  to  the  body  of  the  embryo,  but  also  outside  the 
cavity  of  the  amnion.  Very  early,  certain  bloodvessels  are  deve- 
loped in  the  middle  germinal  layer  of  the  embryo,  and,  spread- 
ing into  a network  of  vessels,  they  extend  upon  the  surface  of 
the  yolk,  and  form  the  so-called  vascular  area.  Two  special 
branches,  named  the  ompJialo-mesenteric  arteries,  convey  blood 
from  the  embryo  through  this  area,  and  a vascular  membrane 
is  thus  formed,  which  gradually  covers  the  umbilical  vesicle  or 
yolk-sac,  and  also  extends  itself,  at  least  in  the  Birds’  and  Rep- 
tiles’ eggs,  by  numerous  projecting  folds,  into  the  substance  of 
the  yolk.  From  the  substance  of  the  yolk,  these  bloodvessels 
absor’o  dissolved  nutrient  material ; and,  for  a time,  the  blood 
contained  in  them,  is  aerated  by  interchanges  of  carbonic  acid 
and  oxygen  between  it  and  the  other  fluids  of  the  egg  or  ovum. 
In  the  Bird,  the  yolk-sac  is  very  large : it  is  gradually  drawn 
into  the  abdomen  of  the  chick,  and  may  be  found  in  that  cavity 
after  the  chick  is  hatched.  In  time,  its  contents  are  gradually 
absorbed,  and  its  remains  are  frequently  traceable  as  a short 
blind  sac  or  stem,  the  vitelline  ceecum,  connected  with  some 
part  of  the  small  intestine.  Similar  changes  are  observed  in 
Reptiles.  In  the  Plagiostomatous  Fishes,  as  in  the  sharks,  the 
yolk-sac  remains,  for  a long  time,  suspended  to  the  abdomen  of  I 
the  young  fish.  In  the  Osseous  Fishes,  the  yolk,  being  smaller, 
sooner  disappears.  In  the  Cyclostomatous  Fishes,  and  in  the 
Amphibia  which  have  holoblastic  ova,  the  yolk-sac  is  stUl 
smaller  and  more  transitory.  Lastly,  in  the  Mammalia,  it  is 
very  minute,  but  undergoes  slight  growth,  especially  in  the 
Carnivora  and  Rodentia.  It  is  found,  after  a time,  as  a circular,  i 
pale-yellow  disc,  attached  to  the  amnion,  and  having  no  further  j 
function ; sometimes,  as  in  Ruminautia,  it  is  completely  ab- 
sorbed. 
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Besides  the  amnion  and  the  yolk-sac,  another  most  import- 
ant appendage  of  the  embryo  in  Birds,  Eeptiles,  and  Mam- 
malia, remains  to  be  described.  This  is  the  so-called  allantois. 
In  the  Bird’s  egg,  it  appears  as  a small  eminence,  at  first  con- 
sisting of  nucleated  cells,  but  soon  becoming  vascular,  situated 
on  the  under-side  of  the  embryo,  close  to  its  caudal  end.  It  is 
derived  from  portions  of  the  internal  and  middle  germinal  layers, 
■vrhich,  in  this  situation,  form  the  intestinal  part  of  the  alimentary 
canal.  The  allantois  soon  becomes  a hollow  protrusion  of  the 
intestinal  wall,  growing  out,  in  the  form  of  a sac  or  bladder,  be- 
yond the  body  of  the  embryo,  and  being  placed,  like  the  um- 
bilical vesicle,  outside  the  sac  of  the  amnion  (fig.  121).  It 
carries  out  with  it,  numei'ous  bloodvessels,  which  are  developed 
in  the  middle  germinal  layer,  and  are  connected  with  the  great 
vascular  trunks  of  the  hinder  part  of  the  embryo.  It  quickly 
extends  itselfi  till  it  reaches  the  inner  surface  of  the  shell- 
membi’ane  of  the  egg,  over  the  interior  of  which  it  spreads, 
Avith  its  walls  closely  applied  to  each  other,  so  as  to  form  a 
double  membrane,  the  outer  layer  of  Avhich,  in  contact  Avith 
the  shell-membrane,  retains  its  bloodA^essels,  Avhilst  those  of 
the  inner  layer,  next  to  the  AA'hite  of  the  egg,  become  shrunken. 
The  holloAV  stalk  or  stem  of  the  allantois,  Avhich  is  situated 
Avithin  the  embiyo,  opens  into  a small  cavity,  deA'eloped  in 
connection  Avith  the  loAver  end  of  the  intestine,  named  the 
urogenital  sinus,  A\diich  forms  the  rudimentary  urinary  bladder. 
BetAveen  this  cavity  and  the  opening  in  the  Avails  of  the  embryo, 
through  Avhich  the  vitelline  duct  passes  to  the  umbilical  sac, 
hence  called  the  umbilical  opening,  the  allantoid  canal  closes, 
and  is  converted  into  the  urachus,  or  supierior  ligament  of  the 
bladder.  Outside  the  umbilical  opening,  the  bloodvessels  of 
the  allantois,  noAv  named  the  umbilical  vessels,  ramify  in 
the  outer  layer  of  the  allantois,  next  to  the  shell-mem- 
brane, forming  a densely  vascular  structure  applied  to  the 
inner  surface  of  the  Avhole  shell,  separated  from  it  only  by 
the  sheU-membrane.  In  an  early  stage  of  deA'elopment,  the 
allantois  of  the  Bird,  is  contractile,  and  acts  as  a sort  of 
urinary  bladder,  its  fluid  containing  ui’ea,  allautoin,  sugar, 
certain  salts  corresjAonding  Avith  those  of  the  blood,  Avith  sliglit 
traces  of  albumen.  It  receives,  indeed,  the  secretions  of  certain 
organs  knoAvn  as  the  Wolffian  bodies,  or  primordial  kidneys, 
and  also  those  of  the  rudimentary  kidneys  themselves.  Its 
superficial  vascular  layer  next  to  the  shell-membrane,  Avhich 
has  been  named  the  endocliorion,  is  the  active  respiratory 
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organ  of  the  embryo  bird,  after  the  vessels  upon  the  yolk-sac 
have  ceased  to  be  sufficient  for  this  purpose.  The  blood  to 
be  aerated,  passes  from  the  embryo  through  the  umbilical 
arteries  on  to  the  allantois,  and  returns  to  the  embryo  by  the 
umbilical  vein.  As  the  period  of  hatching  approaches,  the 
vessels  of  the  allantois  and  this  membrane  itself,  become  par- 
tially dried ; the  young  bird  chips  the  egg,  and  begins  to 
breathe  by  its  lungs.  By  the  time  it  escapes  from  the  shell, 
the  allantois  and  its  vessels  are  quite  desiccated. 

The  allantois  is  present  also  in  Eeptiles,  the  shell  of  the  eggs 
of  which  is  soft  and  thin,  and  the  oxygenation  of  the  blood 
easily  performed.  In  Amphibia  and  Fishes,  there  is  no  allan- 
tois, the  respiration  of  their  embiyoes,  which  are  entirely 
aquatic,  being  at  once  accomplished  by  means  of  gills,  so  that 
no  allairtois  is  needed. 

In  the  Mammalia,  however,  the  allantois  is  invariably  pre- 
sent, and  fulfils  a most  important  office;  for  it  is  the  means  of 
conveying  outwards,  from  the  embryo  to  the  maternal  struc- 
tm-es,  the  vessels  which  connect  the  two,  and  serve  in  the  func- 
tions of  nutrition  and  respiration.  Its  inner  part  forms,  as 
usual,  the  urachus,  and  joins  the  apex  of  the  future  urinary 
bladder  ; and  its  outer  part,  for  a time,  constitutes  the  so-called 
allantoid  sac.  This  outer  part  extends  itself,  till  it  reaches  the 
inner  surface  of  the  chorion.  As  already  described,  this  last- 
named  structure  is  formed  upon  the  altered  vitelline  membrane, 
and  soon  becomes  covered,  on  its  outer  surface,  with  little 
knobs ; these  are  developed  into  temporary  villous  processes, 
composed  entirely  of  nucleated  cells,  and  employed  in  absorbing 
nourishment  for  the  early  mammalian  embryo.  After  a time, 
these  simple  villi  disappear,  being,  as  it  were,  obliterated  by 
the  growth  and  distension  of  the  chorion.  But  then,  the  cho- 
rion itself,  and  the  outer  layer  of  the  amnion,  or  false  amnion. 
^vhich  is  now  in  close  relation  with  the  chorion,  becomes  the 
seat  of  development  of  other  processes,  which,  with  a thin 
covering  of  cells  from  the  chorion  itself,  form  the  ramified 
tufted  villi  of  the  so-called  shaggy  chorion.  As  the  allantoid 
sac  of  the  Mammalia,  with  its  contained  bloodvessels,  grows, 
it  reaches  the  inner  surface  of  the  chorion,  and,  its  vessels 
entering  the  villous  processes  of  the  latter,  form  loops  in  their 
interior.  These  processes,  now  vascular,  and  constituting  the 
embryonal  or  foetal  portion  of  the  placenta,  penetrate,  through 
the  decidua,  into  the  maternal  portion  of  the  placenta,  pro- 
jecting into  its  venous  sinuses  and  lacunce,  and  form  the  so- 
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called  foetal  villi.  These  are  covered  by  their  OAvn  epithelium 
and  basement  membrane,  and  also  by  a loose  layer  belonging 
to  the  lining-membrane  of  the  inaternal  venous  sinuses.  The 
blood  of  the  Mammalian  embryo,  passing  along  the  umbilical 
arteries,  upon  the  allantois,  circulates  through  these  foetal  villi, 
■which  are  themselves  bathed  with  the  maternal  blood.  The 
two  bloods  come  into  close  relation,  being  separated  only  by 
the  most  delicate  tissues,  but  they  do  not  intermingle.  In 
this  way,  nutriment  is  absorbed  from  the  maternal  blood,  for 
the  maintenance  of  the  growth  of  the  embryo ; and  possi- 
bly etfete  matters  are  especially  eliminated  from  the  em- 
bryonal blood.  This  latter  blood  is  oxygenated  by  a respi- 
i-atory  process,  consisting  of  an  interchange  of  carbonic  acid 
and  o.xygen  between  the  embryonal  and  maternal  blood,  just 
as  occurs  in  the  gills  of  the  Amphibian  tadpole,  and  of  the 
Fish,  which  are  bathed  in  water.  The  blood  in  the  umbilical 
arteries  of  the  embryo,  is,  as  we  shall  see,  nearly^  aU  dark  or 
venous  blood  ; that  in  the  matei-nal  venous  sinuses,  is  really 
arterial,  for  the  maternal  portion  of  the  placenta  contains  no 
capillaries,  the  branches  of  the  uterine  arteries  which  enter  it, 
terminating  at  once  in  the  venous  lacunae,  from  Avhich  the 
true  uterine  veins  pass  obliquely'.  Having  been  properly 
pirrified  and  nourished,  the  embry'onal  blood  returns  from  the 
placenta,  enters  the  umbilical  veins,  and  through  them,  reaches 
the  embry'o  again.  In  the  Eeptile  and  Bird,  the  respiration 
of  the  embryo  takes  place  between  the  embryonal  blood  in 
the  vessels  of  the  allantois,  and  the  atmospheric  air  in  the 
fluids  of  the  egg,  or  outside  the  shell-membrane : in  neither 
Class,  do  the  vessels  of  the  allantois  or  the  branches  of  the 
umbilical  vessels,  penetrate  the  outer  coverings  of  the  ovum, 
as  occurs  in  the  Mammalia  generally. 

The  exact  relations  of  the  allantoid  sac  and  its  vessels,  with 
the  chorion,  and  especially  the  extent  to  which  it  covers  the 
interior  of  that  coat,  vary  in  the  di-fferent  Orders  of  Mammalia. 
In  the  Monotremata  and  Marsupialia,  for  example,  the  allantois 
is  small  and  pear-shaped ; its  vessels  are  merely  arborescent, 
and  do  not  penetrate  the  chorion.  Hence  there  is  no  special 
organ,  or  placenta,  intermediate  between  the  embryo  and  the 
uterine  walls,  and  these  animals  are  therefore  named  Impla- 
cental  Mammalia. 

In  the  porpoise,  the  pig,  the  horse,  and,  it  is  said,  in  the 
camel  tribe  also,  every  part  of  the  chorion  and  the  allantoid 
endochorion,  which  are  coextensive,  is  covered  with  vascular 
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processes ; these  enter  the  hypertrophied  uterine  membrane 
at  all  points,  and  form  the  so-called  diffused  placenta.  In  the 
Euminants,  with  the  possible  exception  of  the  camels,  the 
vascular  endochorion,  or  developed  allantois,  is  also  coex- 
tensive with  the  chorion ; the  vascular  processes  project,  and 
attaching  themselves  to  the  uterus  at  certain  definite  scattered 
jroints  of  the  surface,  form  the  embryonal  cotyledons ; these 
consist  of  clusters  of  ramified  villi,  which  fit  into  coiTespond- 
ing  ramified  canals,  arranged  in  cup-shaped  depressions  of  the 
uterus,  called  the  maternal  cotyledons.  No  decidua  exists,  in 
these  cases,  between  the  embryonal  and  the  maternal  tissues, 
and  they  are  easily  detached  from  each  other.  The  blood  in 
both,  is  brotight  into  close  proximity,  but  the  vessels  of  each 
are  independent,  and  the  two  bloods  do  not  intermingle.  In  the 
dog,  cat,  and  Carnivora  generally,  the  ovum,  at  first  round,  after- 
wards becomes  oval,  fusiform,  or  elongated,  and  occupies  a com- 
partment in  the  elongated  uterus.  The  endochorion,  or  allan- 
toid sac,  is  very  extensive ; but  the  villous  processes,  absent  from 
the  ends  of  the  ovum,  form  a broad  zone  around  its  middle. 
A true  decidua  exists,  and  the  combined  structures  constitute 
the  zonular  place)ita.  In  the  Rodentia,  as  is  well  seen  in  the 
rabbit,  the  allantoid  sac  reaches  a small  part  only  of  the  inner 
surface  of  the  chorion ; at  this  point  alone,  permanent  vascular 
processes  are  developed,  which,  entering  the  hypertrophied 
uterine  membrane,  part  of  which  forms  a decidua,  constitute 
a discoid  placenta. 

In  the  formation  of  the  discoid  human  placenta,  it  is  noticed 
that  the  allantois  is  veiy  small,  appears  early,  and  soon  wastes; 
it  reaches  the  chorion  at  only  one  point,  not  spreading  out 
coextensively  with  it ; and  it  conveys  outwards,  as  usual . 
the  umbilical  arteries,  the  branches  of  which  enter  the  per- 
manent villous  processes  of  the  shaggy  chorion,  or  foetal  villi ; 
these  are  limited  to  one  part  of  the  ovum,  penetrate  the 
decidual  and  hypertrophied  portion  of  the  uterine  walls,  and 
enter  the  maternal  venous  sinuses. 

The  tico  umbilical  arteries  and  one  umbilical  vein,  are 
supported  upon  the  remains  of  the  now  impervious  allantois, 
which  grows  into  a soft  mucous  connective  tissue  : with  these 
parts  also  are  found  the  wasted  vestiges  of  the  vitelline  duct, 
tvdth  its  atrophied  omphalo-mesenteric  artery  and  veins ; these 
structures  becoming  elongated,  and  surrounded  with  a tubular 
process  of  the  amnion,  form  the  umbilical  cord  or  navel-string. 
This  cord  is,  therefore,  connected  with  the  placenta  at  one  end. 
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and  with  the  navel  of  the  embryo  at  the  other.  Its  vessels 
are  always  more  or  less  spirally  twisted. 

At  the  birth  of  the  Mammalian  embryo — an  event  which, 
with  the  human  infant,  happens  at  the  end  of  the  fortieth  week 
— the  fcEtus  and  its  membranes  are  detached  from  the  inner 
surface  of  the  uterus.  The  embrjmnal  vascidar  portion  of  these 
membranes,  whether  it  be  a diffused,  cotyledonous,  zonular,  or 
discoid  placenta,  is  always  detaclred.  In  the  case  of  the  zonu- 
lar and  discoid  forms  of  placenta,  where  a true  decidua  is 
developed,  a part  of  the  maternal  tissues  is  also  separated  at 
the  same  time.  Where  there  is  no  decidua,  as  in  the  diffuse 
and  cotyledonous  forms,  the  fetal  villi  are  merely  detached 
from  the  surfaces  or  recesses  into  which  they  fit.  In  the  latter 
cases,  parts  of  the  maternal  tissues,  especially  of  the  veins  and 
venous  lacunEe,  come  away.  Hemorrhage  is  ordinarily  quickly 
arrested,  owing  to  the  obliquity  of  the  passages  leading  into 
the  deeper  uterine  veins,  and  to  the  firm  contraction  of  the 
uterine  walls.  If  these  become  relaxed,  arterial,  but  not  venous, 
hemorrhage  may  occur. 

DEVELOPMENT  OF  THE  ORGANS. 

The  share  taken  by  each  of  the  three  germinal  layers  of  the 
blastoderm,  in  the  formation  of  the  several  systems  of  organs, 
having  been  described,  their  special  development  may  now  be 
considered. 

The  Skeleton,  Muscles,  and  Integuments  of  the  Body. 

The  vertebral  column  is  developed  from  the  vertebral  plates 
of  the  middle  germinal  layer,  found  on  each  side  of  the  verte- 
bral groove  and  chorda  dorsalis.  As  the  vertebral  groove 
closes  along  the  back  of  the  embryo,  first  opposite  the  cervical 
and  dorsal  regions,  small  square  masses  are  seen  on  each  side 
of  the  median  line,  in  the  inner  thicker  portion  of  the  vertebi’al 
plates.  These  were  formerly  considered  to  be  the  rudiments 
of  the  bodies  of  the  vertebra  only,  and  were  named  the  primi- 
tive or  primordial  vertebree ; bnt  they  are  better  named  the 
dorsal  segments,  for  other  structures,  besides  the  vertebra,  are 
developed  from  them.  In  the  thoracic  region,  the  posterior 
ends  of  the  ribs,  and,  throughout  the  whole  length  of  the  ver- 
tebral column,  the  roots  of  the  spinal  neiwes,  together  with  the 
ganglia  on  the  posterior  roots,  which  are  of  great  proportional 
size,  the  spinal  muscles,  and  the  cutis  covering  these  parts, 
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are  thus  formed  ; a small  portion  only,  therefore,  is  developed 
into  the  future  vertebras.  The  part  which  forms  the  skin  and 
spinal  muscles,  is  named  the  dorsal  plate  or  division,  whil.st  the 
rest  is  called  the  ventral  plate  or  division.  The  innermost  por- 
tion of  this  latter,  which  is  called  the  vertebral  plate,  grows  in- 
wards, and  surrounds  the  chorda  dorsalis,  so  as  to  enclose  it  in 
a thick,  continuous,  membranous  sheath ; this  divides  anew, 
transversely,  into  annular  portions,  corresponding  with  the 
bodies  of  the  future  cervical,  dor.sal,  lumbar,  sacral,  and  coc- 
cygeal vertebra?,  into  which  they  are  developed,  by  passing 
first  into  a cartilaginous,  and  then  into  an  osseous,  .state.  The 
body  of  the  atlas  joins  the  axis,  to  form  its  odontoid  proces.s. 
Tire  remains  of  the  chorda  dorsalis  are  traceable,  for  a long 
time,  through  the  centre  of  the  bodies  of  the  vertebra;,  but 
ultimately  they  become  absorbed.  In  the  lowest  or  IMyxinoid 
Fishes,  however,  the  chorda  dorsalis  is  recognisable  through- 
out life.  Between  the  vertebra;  thus  ibrmed,  an  intermediate  soft 
tissue  becomes  developed  into  the  intervertebral  substances,  in 
which  the  notochord  persists,  as  the  softer  fibrocartilaginous 
centre.  Whilst  the  bodies  of  the  vertebra  are  thus  produced, 
another  portion  of  the  dorsal  division  of  the  vertebral  plates, 
ascends  towards  the  back  of  the  embryo,  grows  around  the 
vertebral  groove,  and  then  forms  the  arches  and  spinous  pro- 
cesses of  the  vertebra,  so*  completing  the  vertebral  column. 
These  cartilaginous  arches  first  close  in  the  dorsal  part  of 
the  column,  and  then  meet  everywhere,  except  opposite  the 
coccyx,  and  sometimes  at  the  lower  end  of  the  sacrum ; the 
non-formation  or  non-imion  of  these  arches,  constitutes  spniia 
bifida. 

At  the  anterior  or  cephalic  end  of  the  embryo,  as  already 
mentioned,  the  sides  of  the  vertebral  groove,  composed  of  the 
medullary  and  vertebral  plates  of  the  external  and  middle 
germinal  layers,  expand,  and,  meeting  above  in  the  middle  line, 
enclose  a space  which  forms  the  rudiment  of  the  cranium 
and  its  contents.  This  is  soon  marked  off  into  three  pairs  of 
symmetrical  sacs  or  dilatation.s,  named  the  cerebral  vesicles, 
which,  bending  down  towards  the  yolk,  form  the  cephalic 
flexure,  or  bend  of  the  neck.  In  that  part  of  the  walls  ofj  these 
vesicles,  which  con’esponds  with  the  middle  germinal  laver, 
the  cephalic  capsule  or  primordial  skull  is  formed  ; this  is  at 
fir.st  membranous,  then  partly  cartilaginous,  and  ultimately 
bony.  Into  the  floor  of  this  cavitv,  the  anterior  extremity 
of  the  cartilaginous  notochord,  or  chorda  dorsalis,  penetrates 
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only  a short  distance,  reaching,  in  the  middle  line,  as  far  for- 
wards as  the  future  sella  turcica  in  the  sphenoid  bone,  which 
lodges  the  pituitary  body.  The  base  only  of  the  primordial 
skull,  becomes  cartilaginous,  like  the  bodies  of  the  primitive 
vertebra? ; the  sides  and  upper  part  of  the  cephalic  capsule 
remain  membranous.  The  primordial  skull  does  not  divide 
into  transverse  segments,  like  the  rudimentary  annular  verte- 
brie.  Its  cartilaginous  portion  is  developed  into  the  base  and 
sides  of  the  occipital  bones  or  basi-  and  ex-occipitals,  the 
alee  majores  of  the  sphenoid  or  ali-sphenoids,  and  the  pre- 
sphenoids and  orbito-sphenoids  or  ala;  minores,  also  into  the 
turbinate  bones,  the  median  portion  of  the  ethmoid  bone,  and 
the  cartilaginous  nasal  septum.  The  vomer,  however,  is 
formed  from  a membrane,  below  the  septum.  The  upper 
part  of  the  occipital  bone  or  supra-occipitals,  the  parietal 
bones,  the  squamous  part  of  the  temporal  bones,  the  frontal 
bones,  and  the  nasal  bones,  are  developed  as  distinct  opercular 
bones,  directly  from  special  centres  of  ossification  in  mem- 
brane, and  not  from  cartilage.  The  petrous  and  mastoid  parts 
of  the  temporal  bone,  and  the  floor  of  the  tympanum,  are 
developed  from  osseous  centres  in  the  basal  cartilage ; the  tym.- 
panic  ring  arises  from  a fibro- cartilage,  specially  connected  with 
the  ear.  The  bones  of  the  face,  including  the  upper  and  lower 
jaivs,  also  the  ossicles  of  the  ear,  the  styloid  process  of  the  tem- 
poral bone,  and  likewise  the  hyoid  bony  apparatus,  are  deve- 
loped from  the  so-called  visceral  or  branchial  arches,  which 
are  formed,  as  will  be  hereafter  described,  from  the  lateral 
ventral  plates  of  the  cephalic  portion  of  the  embryo. 

Opposite  the  trunk  or  body  of  the  embryo,  the  outer  or 
lateral  part  of  the  ventral  plates,  extends  downwards  firom  the 
vertebral  plates,  to  surround  the  hsemal  cavity  or  future  thora- 
cico-abdominal  chamber  of  the  embryo.  Within  these  plates, 
in  the  thoracic  region,  opaque  lines  appear,  which  ultimately 
form  the  ?'ibs ; where  they  close  below  in  the  middle  line,  the 
rudiments  of  the  separate  pieces  of  the  sternum  are  developed ; 
these  may  remain  ununited  in  the  middle  line,  constituting 
a rare  and  remarkable  deformity — fssura  sterni.  In  a similar 
manner,  the  pelvic  or  innominate  bones,  the  ilium,  ischium,  and 
pubes,  are  formed  near  the  hinder  part  of  the  body;  and  the 
scapular  arch,  consisting  of  the  scapida  and  clavicle,  at  the 
fore-part  of  the' trunk. 

A little  later,  the  rudiments  of  the  limbs  appear,  like  small 
knobs,  on  each  side  of  the  trunk.  In  the  centre  of  these,  which 
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consist  of  extensions  of  the  middle  germinal  layer,  the  rudi- 
ments of  the  bones  are  soon  seen,  and  ultimately  become  dis- 
tinguishable as  the  bones  of  the  arm,  forearm,  and  hand,  or 
of  the  thigh,  leg,  and  foot.  As  the  dorsal  segments  give  origin, 
not  only  to  the  vertebra;,  but  also  to  the  neighbouring  muscles 
and  to  the  covering  of  the  cutis,  so  the  lateral  plates,  -which 
produce  the  ribs  and  sternum,  and  the  scapular  and  pelvic 
arches,  and  also  the  extensions  of  those  plates  -which  form  the 
future  limbs,  not  only  give  origin  to  the  bones  of  those  parts, 
but  also  to  the  corresponding  muscles  and  cutis.  The  epider- 
mis or  cuticle  covering  all  these  parts,  and,  indeed,  that  of  the 
Avhole  body,  is  formed  upon  them,  by  the  common  external 
germinal  lay^r. 

At  first,  the  future  skeletal  parts  are  soft,  and  composed  of 
cells  but  slightly  differentiated  from  the  rest  of  the  cells  of 
the  germinal  layer  or  blastoderm ; by  degrees,  these  parts 
become  cartilaginous  or  membranous,  and  ultimately  they 
undergo  ossification.  The  process  of  ossification,  Avith  its  order 
and  times  of  occurrence,  Avill  be  hereafter  noticed. 

Not  only  are  all  the  muscles,  and  also  the  true  skin  thus  de^-e- 
loped,  as  Avell  as  the  bones,  ligaments,  and  joints,  but  likewise 
their  respective  vessels  and  lymphatics,  and  the  uerA'es,  both 
motor  and  sensory,  Avhich  constitute  the  peripheral  part  of  the 
spinal  and  cranial  nerves,  excepting  those  of  special  sense.  The 
first  muscles  to  be  dev'eloped  are  those  of  the  A-ertebral  grooves, 
next  the  muscles  of  the  neck,  then  those  of  the  abdomen,  after- 
Avards  those  of  the  limbs,  and  lastly  the  facial  muscles.  The  limbs 
are  at  first  like  simple  buds,  derived  from  the  lateral  plates : 
but  they  soon  shoAv  divisions  into  their  respectiA'e  segments, 
and  expand  and  flatten  at  their  extremities ; these  next  exhibit 
indentations  corresponding  AA'ith  the  future  toes  or  fingers, 
Avhich,  for  a time,  are  Avebbed.  The  upper  limb  is  usually 
deA'eloped  before,  and  more  quickly  than,  the  loAver  one.  The 
limbs  are  at  first  simple  masses  of  blastema,  A\diich  gradually 
change  into  cartilage,  bone,  muscle  and  skin.  On  the  surface  of 
the  bod-\^  and  limbs,  a layer  of  polygonal  epidermic  cells  is 
A-ery  early  ti-aceable  ; this  is  the  commencement  of  the  cuticle. 
The  papillffi  of  the  skin,  the  rudiments  of  the  hairs,  feathers, 
nails  or  claAvs,  and  also  of  the  cutaneous  glands,  afterAA-ards 
appear. 

The  mammari)  glands,  A\-hen  first  formed,  resemble  the  cu- 
taneous glands,  consisting  of  solid  processes  deriA'ed  from  the 
epidermic  layer,  and  penetrating  the  cutis ; these  afterAvards 
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branch  out,  and  ultimately  become  hollowed,  to  form  the  mam 
mary  ducts  and  vesicles. 

The  Brain  and  Spinal  Cord. 

The  sides  of  the  vertebral  groove  are  lined  on  their  surface, 
by  a special  layer  of  blastema,  known  as  the  medidlanj  plates, 
derived  from  the  external  germinal  layer.  When  the  groove 
and  its  cephalic  expansion  are  closed,  first  in  the  neck,  and 
then  along  the  middle  line  of  the  back  of  the  embryo,  a me- 
dullarj/  canal  a cephalic  enlargement,  is  formed;  and  the 
medullary  plates,  becoming  thicker  and  growing  from  below 
upwards,  are  converted,  subsequently  to  the  appearance  of  car- 
tilages in  the  rudimentary  vertebra?,  into  a tube  of  primitive 
nervous  substance,  the  anterior  part  of  which  is  expanded 
into  three  ve.sicles,  placed  at  first  one  behind  the  other,  but 
afterwards  bent  with  the  head  and  neck  of  the  embryo,  and 
named  the  anterior,  middle,  and  posterior,  primary  cerebral 
vesicles  ; of  these,  the  middle  one  is  imrch  the  largest.  From 
them  are  developed,  respectively,  the  prosencephalon,  the  hinder 
part  of  which  has  been  named  the  diencephalon,  the  mesence- 
jdialon,  and  the  epencephalon,  of  which  latter  the  hinder’  part 
is  called  the  inetencephalon.  The  tubidar  portion  of  this  me- 
dullar’y  canal,  fornrs  the  spinal  cord,  which  at  first  consists  of 
numerous  cells  having  a radiated  arrangement  around  a cen- 
tral canal,  and  for  a long  time  retains  its  hollow  condition. 
Even  in  the  perfectly-formed  state,  it  presents  a rudiment  of 
this  cavity,  in  the  so-called  centred  caned  of  the  spined  cord. 
(vol.  i.  p.  313).  The  cells  irext  to  the  canal,  form  its  epithelial 
lining,  or  ependyma,  whilst  the  outer  ones  are  developed  into 
the  nervoirs  substance.  The  cord  at  first  extends  throughout 
the  entire  vertebral  canal,  but  afterrvards  it  groAvs  in  length  less 
rapidlj^  than  the  vertebi'al  column,  and  the  cauda  equina  is  gra- 
dually formed.  The  substance  of  the  embryonic  spinal  cord,  is 
composed  of  simple  nucleated  cells,  which  are  developed  chiefly 
into  the  grey  substance  of  the  cord,  but  partly  also  into  fine 
connective  tissue  and  bloodvessels.  The  white  substance  of 
the  cord  is  subsequently  formed.  The  peripheral  part  of  the 
spinal  nervous  system,  as  already  mentioned,  is  developed, 
Avith  the  frameAvork  of  the  head,  trunk,  and  limbs,  from  the 
middle  germinal  layer. 

Frun  the  posterior  cerebred  vesicle,  at  first  smaller,  but 
soon  larger,  than  the  middle  one,  is  eA'olved,  in  the  melence- 
phalon  next  to  the  spinal  cord,  the  medulla  oblongata.  At 
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this  point,  the  nervous  substance,  developed  from  the  primitive 
medullary  plates,  does  not  form  a complete  canal,  as  in  tlie 
spinal  cord,  but  remains  open  behind,  constituting  the  fourth 
ventricle,  and  is  marked  on  its  floor  by  the  calamus  scriptorius, 
which  leads  into  the  canal  of  the  spinal  cord.  Anterior  to  the 
medulla,  but  still  in  the  posterior  cerebral  vesicle  or  epenceplia- 
hn,  appear  the  pons  and  the  rvdimentarp  cerebellum,  an  angular 
prcjection  forwards  marking  tlie  line  between  them.  At  first, 
th(?  cerebellum  consists  of  a thin  transverse  plate  of  nervous 
substance  ; then  it  enlarges,  and  becomes  laminated  ; the  cen- 
tral part,  or  vermiform  process,  is  recognised  before  the  lateral 
parts,  or  hemispheres  ; the  grey  matter  gradually  becomes 
thicker  on  the  surface,  and  the  corpora  dentata  are  formed 
within ; the  pons  Yarolii  and  the  superior  and  inferior  pedun- 
cles also  gradually  enlarge.  Owing  to  the  bend  which  occurs 
between  the  cephalic  and  cervical  portion  of  the  embryo,  a 
posterior  projecting  angle  is  formed  between  the  spinal  cord 
and  the  posterior  cerebral  vesicle  ; this  corresponds  with  the 
cervical  tuberositp  of  the  embryo. 

The  middle  cerebral  vesicle,  or  mesencephalon,  slightly  bent 
forwards  and  downwards  across  its  middle,  is,  at  first,  the  largest, 
but  grows  relatively  slower  than  the  others.  After  a time,  it 
is  developed,  on  its  dorsal  aspect,  into  the  corpora  quadrigemina, 
which  form  proportionally  large  masses,  and  are  at  first  hollow 
— a condition  which  is  permanent  in  Birds,  but  not  in  IMam- 
malia.  On  the  under-side,  the  peduncles  of  the  cerebrum  are 
formed ; between  these  parts,  a cavity  remains,  which  ultimately 
shrinks  into  the  small  canal  connecting  the  fourth  ventricle  with 
the  middle  ventricles  of  the  brain,  named  the  aqueduct  of 
Si/l  vius. 

The  anterior  cerebral  vesicle  is,  at  first,  more  prominent  later- 
ally, though  smaller,  than  themiddleone ; it  is  alsoat  first  smooth, 
but  soon  exhibits  a median  sulcus,  and  grows  far  more  rapidly 
than  the  others,  being  destined  to  form  the  cerebnim.  It  soon 
bends  directly  downwards.  The  portion  immediately  in  front 
of  the  middle  vesicle,  named  the  diencephalon,  forms  the  two 
op>tic  tludami,  which  originally  consist  of  a single  hoUow  mass, 
but  afterwards  become  solid ; they  are  divided  by  a fissure, 
which  remains  as  the  third  ventricle,  and  communicates  behind 
with  the  Sylvian  aqueduct.  The  pineal  gland  is  either  an  off- 
shoot from  the  thalami,  or  it  is  derived  from  the  pia  mater. 
The  optic  nerve  also  originates  in  a part  of  this  vesicle. 
The  jDituitary  body,  or  hj'pophysis  cerebri,  in  both  its  nervous 
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part,  and  its  posterior  thyroid-like  portion,  is  said  to  arise  from 
the  base  of  the  brain,  or  to  be  in  part  developed  from  the  pia 
mater.  The  prosencephalon,  or  portion  of  the  anterior  vesicle  in 
tfont  of  the  optic  thalami,  gives  origin  to  the  corpora  striata, 
npon  which  the  cerebral  hemispheres,  with  the  corpus  cal- 
losum, the  fornix,  and  the  ventricles,  are  rapidly  evolved. 
The  corpora  striata,  and  the  hemispheres,  are,  it  is  said,  at  first 
separated  by  a slight  constriction. 

The  hemispheres  are  developed  from  before  backwards, 
leaving  between  them  the  cavity  of  the  third  and  lateral  ven- 
tricles, which,  for  a time,  open  freely  into  the  yet  hollow  corpora 
quadrigemina.  Gradually  the  hemispheres  overlap  the  optic 
thalami,  and  then,  in  the  higher  Vertebrata,  the  corpora  quad- 
rigemina, and,  lastly,  even  the  cerebellum.  At  first  smooth  on 
the  surface,  and  composed  of  thin  walls  enclosing  a large  cavity, 
the  hemispheres,  by  degrees,  become  thicker,  and  marked  on 
the  surface  with  the  primary  grooves  or  fssures,  which  subdi- 
vide them  into  frontal,  parietal,  occipital,  temporal,  and  central 
lobes,  and  afterwards  with  the  secondary  sulci  between  the  con- 
volutions— the  grey  matter  on  the  surface  also  gradually  becom- 
ing thicker.  The  cerebral  hemispheres,  developed  on  each  side 
of  the  middle  line,  are  first  connected  only  at  their  base  and 
anterior  part,  by  rudimentary  commissural  structures  of 
nervous  substance ; these  are  the  commencing  peduncles, 
which  may  be  traced,  as  white  bands,  upwards  from  the  cord, 
the  anterior  commissure,  and  the  rudimentary  transverse  com- 
missure or  corpus  callosum.  But,  as  the  hemispheres  grow 
backwards,  the  transverse  commissural  fibres  of  the  latter, 
extend  in  the  same  direction,  and  thus  the  future  corpus  cal- 
losum is  formed  with  fornix,  composed  of  longitudinal  fibres, 

beneath  it,  and  the  septum  lucidum,  enclosing  the  cavity  of 
the  fifth  ventricle,  between  them.  From  the  under-surface  of 
the  anterior  part  or  fi-ontal  lobe  of  each  hemisphere,  a hollow 
process  extends  forward,  forming  the  future  olfactory  lobes,  the 
central  cavities  in  which,  in  some  animals,  remain,  in  commu- 
nication with  the  ventricles  of  the  hemispheres,  but,  in  others, 
are  obliterated.  From  the  hinder  and  lateral  part  of  the  an- 
terior cerebral  vesicle,  the  primary  optic  or  ocular  vesicle,  or 
rudimentary  eye,  is  developed,  forming  connections  uith  the 
optic  thalamus  and  corpus  quadrigeminum.  From  both  these 
latter  parts,  which  are  then  hollow,  two  tubular  processes  of 
nervous  substance,  extend  forward  to  the  optic  vesicles,  and 
are  ultimately  developed  into  the  o^^tic  tracts  and  optic 
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nerves.  Farther  back,  on  the  sides  of  the  future  medulla 
oblongata,  are  the  primary  amlitorii  sacs  or  vesicles,  Avhich  are 
not  deAmloped,  like  the  ocular  vesicles,  as  outgroAvths  of  the 
cerebral  vesicles,  but  commence  on  the  surface  of  the  embryo, 
as  will  be  immediately  described. 

The  membranes  of  the  brain  and  cord,  are  formed  betAveen 
the  nervous  centres  and  the  Avails  of  the  cranial  and  spinal 
cavities.  The  pia  mater  is  lirst  recognisable. 

The  sympathetic  nervous  system  is  said  to  be  developed  from 
the  middle  germinal  layer. 

• The  Organs  of  the  Senses. 

The  Nose. — As  the  olfactory  lobes  become  consolidated,  the 
nasal  cavities,  Avith  the  olfactory  hning-membrane,  are  de- 
veloped as  inversions  of  the  integument  of  the  face,  in  the 
so-called  primary  olfactory  groove.  This,  remaining  open, 
becomes  subdivided,  to  form  the  tAvo  nasal  passages  or 
fossae.  At  one  time,  these  foss^  are  closed  at  the  bottom,  a 
condition  Avhich  is  permanent  in  Fishes;  afterAvards  they  com- 
municate, in  front  of  the  palate,  Avith  the  mouth,  as  in  certain 
Amphibia  ; finally,  they  open  only  into  the  pharynx,  as  in 
Eeptiles,  Birds,  and  Mammals. 

The  Eye. — The  primary  ocular  or  optic  vesicles  commence, 
as  already  mentioned,  as  fiask-shaped  outgroAvths  of  the  first 
cerebral  A^esicle,  Avith  Avhich  they  soon  appear  connected  by  a 
holloAv  stalk,  the  future  optic  tract  and  nerve.  The  interior 
of  each  optic  A-esicle,  quickly  becomes  lined  Avith  nervous  sub- 
stance. At  the  same  time,  the  surface  of  the  common  integu- 
ment covering  the  vesicle,  presents  an  inversion  of  the  epidermic 
layer,  Avhich,  becoming  constricted  at  its  orifice,  closes  and 
forms  a .'Jac ; this  is  ultimately  converted  into  the  capsule  of 
the  lens,  within  Avhich  the  lens-fibres  are  gradually  developed, 
from  radiating,  epidermoid,  nucleated  cells.  This  groAvth,  Avith 
other  deeper  tissues,  piishes,  as  it  Avere,  the  anterior  and  lower 
part  of  the  nervous  layer  of  the  primary  optic  vesicle,  upwards 
and  iuAvards,  against  the  posterior  and  upper  part,  giving  rise 
to  a cup- shaped  nervous  expansion,  open  beloAv,  named  the 
secondary  optic  vesicle,  Avithin  Avhich  the  vitreous  humour  is 
developed,  this  being  also,  like  the  lens,  an  integumentary  struc- 
ture. The  sides  of  this  secondary  vesicle,  consist  of  tAvo  layers, 
Avhich  subsequently  blend,  and  their  edges,  at  first  sejrarated 
beloAv,  close  in  that  situation,  include  the  central  artery  of  the 
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retina,  and  form  the  anterior  part  of  the  optic  nerve  and  the 
retinal  expansion.  The  anterior  part  of  this  secondary  vesicle, 
corresponds  Avith  the  pars  ciliaris  of  the  retina,  and  aives  origin 
to  no  nerrmus  elements.  The  yellow  spot  does  not  appear  until 
alter  birth.  The  outer  coats  of  the  eyeball,  or  the  sclerotic  and 
cornea,  are  partly  groArths  of  the  secondary  A'esicles,  and  partly 
derived  from  the  neighbouring  cutis.  The  choroid  coat,  also 
derived  from  the  secondary  A'esicle,  is  at  first  adherent  to  the 
retina  ; the  iris,  growing  ar  a later  period  from  the  margin 
of  the  choroid,  forms  an  imperforate  curtain,  the  central  part 
of  AA’hich,  or  memhrana  pupillaris,  becomes  transparent,  then 
gradually  loses  its  vessels,  and  finally  disapjoears.  The  capsule 
of  the  lens  is,  for  a time,  invested  by  a vascular  membrane, 
supplied  by  the  central  artery  of  the  retina,  and  connected  Avith 
the  pupillary  membrane  and  margin  of  the  iris.  The  aqueous 
humour  is  secreted  very  late,  the  parts  in  front  of  the  lens,  pre- 
viously touching  each  other.  For  a time,  the  eyeball  is  simjdy 
covered  Avith  the  integument,  but  this  rises  up,  above  and 
beloAv,  into  small  crescentic  folds  ,Avhich  become  the  future  eye- 
lids ; these,  for  a time,  cohere  at  their  edges,  and  then  separate. 

The  Ear. — The  auditory  sacs  ai’e  not  developed,  like  the  optic 
vesicles,  from  the  cerebral  vesicles,  but,  like  the  lens  and  its 
capsrde,  from  inversions  of  the  common  integument.  They 
commence  by  a little  pit  or  depression,  Avhich  aftenvards  be- 
comes completely  shut  off  from  the  surface,  and,  receding,  is 
eventually  attached  to  the  side  of  the  medrdla.  This  primitive 
auditory  sac  forms  the  sac  of  the  labyrinth,  Avith  Avhich  the 
auditory  nerve,  an  independent  formation  from  the  medulla 
oblongata,  is  soon  connected.  From  the  sac  of  the  labyi’inth, 
are  gradually  developed,  the  membranous  semicircular  canals, 
and  the  Avinding  cochlea,  Avith  the  fluids  in  those  cavities.  All 
these  parts  are  at  first  straight  processes,  but  afterAvards 
become  curA^ed  or  spiral.  The  caAuty  of  the  tympanum,  Avith  its 
ossicles,  the  tympanic  bone,  and  the  auricle,  are  formed  ex- 
ternally to  the  deeper  parts,  in  connection  Avith  the  pharynx 
and  Eustachian  tube,  as  Avill  be  described  Avith  the  deA^elopment 
of  the  face.  The  osseous  Avails,  Avhich  afterAvards  invest  the 
labyrinth,  are  formed  from  the  primitive  cartilage  of  the  base 
of  the  cranium.  The  mastoid  process  is  not  holloAved  out  into 
large  air-cells  until  after  puberty.  The  external  meatus  and 
the  auricle  are  outgroAvths  of  the  annular  flbro-cartilage, 
Avhich  forms  the  tymjranic  bone.  The  auditory  grey  nervous 
centre  arises,  near  the  posterior  pyramid  and  restifcrm  body 
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of  the  medulla  oblongata,  as  two  masses,  the  outer  one  of 
Avhich  gradually  moves  backwards  into  the  cerebellum  itself. 
The  auditory  nerve  consists  of  two  portions,  botli  of  Avhich 
become  connected  with  these  masses ; but  the  anterior  portion 
of  the  nerve,  also  joins  the  superior  peduncle  of  the  cerebellum, 
and  even  reaches  the  inferior  vermiform  process  (L.  Clarke). 

The  Parts  of  the  Face. 

The  extension  downwards  of  the  lateral  ventral  plates  of 
the  embrj^o,  which,  opposite  the  trunk,  form  the  sides  of  the 
hamial  cavity,  occurs  also  beneath  the  cephalic  part.  Here, 
however,  where  the  future  face  is  developed,  the  hannal  cavity 
is  imperfectly  closed  in  at  the  sides ; for  these  plates,  with  their 
covering  and  lining  membranes  from  the  external  and  inter- 
nal, or  epidermic  and  intestinal  germinal  layers,  split,  on  each 
side,  mio  four  jwocesses  or  lobes^  with  little  clefts  between  them, 
forming  the  so-called  visceral  or  branchial  arches,  and  the 
visceral  or  branchial  clefts.  The  term  branchial  is  applied  to 
these  arches,  becaitse  the  permanent  gills  or  branchite  of  the 
Fish,  and  the  corresponding  temporary  gills  of  the  Amphibia,  are 
developed  from  homologous  parts  ; but  in  the  embryoes  of  the 
Eeptile,  Bird,  and  Mammal,  these  arches  give  rise,  through  very 
early  metamorphoses,  to  other  organs.  "Within  them,  minute, 
but  important  vessels,  as  will  be  hereafter  seen,  are  tempo- 
rarily present.  Gills  are  never  developed  on  them,  and  they 
never  exercise  a respiratoi  y function.  In  these  three  last-named 
Classes,  the  allantois,  a part  not  present  in  Amphibia  and 
Fishes,  is  the  embryonic  respiratory  organ. 

'J'he  first  branchial  cleft,  above  the  first  arch,  sometimes 
named  the  maxillary  cleft,  forms  the  caA’ities  of  the  mouth  and 
nose  ; these  are  originally  conjoined,  but  subsequently  become 
separated,  by  the  growth  of  the  upper  jaw,  from  the  substance 
of  the  first  arch,  between  the  nasal  cavities  above,  and  the  mouth 
below.  The  nasal  walls  and  septum  grow  downwards  from 
the  cranium,  whilst  the  upper  jaw  and  jDalate  are  developed 
transversely  from  the  face,  to  meet  them.  From  the  posterior 
part  of  the  second  branchial  cleft,  between  the  first  and  second 
branchial  arches,  are  formed,  the  cavity  of  the  tympanum, 
Avhich  at  first  contains  soft  connective  tissue,  the  Eustachian 
tube,  which  is  also  at  first  filled  with  a similar  tissue,  the 
membrana  tym]iani,  and  the  external  auditory  meatus  and  its 
appendages.  The  auricle  commences  as  a little  ring  around 
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the  margin  of  the  meatus.  The  third  and  fourth  branchial 
clefts  completely  close  up,  and  disappear  very  early. 

Within  the  branchial  arclies,  little  cartilaginous  plates  are 
soon  developed.  From  the  upper  edge  of  the  first  of  these 
arches,  a process  is  formed,  named  the  maxillary  lobe,  from 
which  the  upper  jaw  is  developed,  together  with  the  whole 
side  of  the  face,  including  the  internal  pterygoid  process  and 
the  palate-bone.  The  malar  bones  and  lachrymal  bones  are 
formed  as  opercular  bones.  The  first  arch  also  gives  origin, 
by  another  process,  to  the  rudimentary  lower  jaw,  and  likewise, 
it  is  said,  to  the  tongue.  From  the  craniiun,  a median  process, 
known  as  the  frontal  process,  descends  in  the  middle  line  of  the 
face;  and  with  this,  an  external  and  internal  nasal  process  are 
also  connected.  These,  by  their  junctions,  form  the  walls  and 
partition  of  the  nasal  foss®,  and  the  centre  of  the  upper  lip. 
In  this  latter  ^^art,  tlie  intermaxillary  bones,  which  carry  the 
upper  incisor-teeth,  are  independent  formations.  The  lachry- 
mal duct  is  a fissure  which  remains  partly  open,  between  the 
external  cranial  nasal  process  and  the  facial  maxillary  lobe. 
Sometimes  these  parts  are  arrested  in  development,  and  fail 
to  unite  properly,  giving  rise  to  the  conditions  of  harelip  and 
cleft  palate.  Certain  other  congenital  defects,  connected  chiefly 
with  the  apertures  of  the  body,  as  well  as  with  the  back  of 
the  head  and  .«pine,  are  explained  by  similar  arrests  of  normal 
adhesive  processes  of  development. 

From  the  middle  part  of  the  first  branchial  arch,  to  which 
we  now  return,  the  incus  of  the  tympanum  is  developed. 
From  it,  also,  a remarkable  cartilaginous  process,  named 
Meckel's  process,  or  Meckel's  cartilage,  arises,  which  gives 
origin  to  the  malleus,  and  also  extends  forwards  from  that  bone 
to  the  rudimentai-y  lower  jaw,  which  is  developed  indepen- 
dently upon  it,  after  the  manner  of  the  opercular  bones  of  the 
cranium,  which  rest  upon  the  basal  bones.  Afterwards, 
Meckel’s  process  wastes,  except  a part,  which  forms  the  pro- 
cessus gracilis  of  the  malleus.  From  the  second  branchial  arch, 
are  developed  the  stapes,  from  a minute  cartilage,  and  also  the 
stapedius  muscle,  with  its  bony  canal ; these  belong  to  the 
tympanic  cavity.  In  the  neck,  the  second  arch  forms  the 
styloid  process,  the  stylohyoid  ligament,  and  the  little  cornu 
of  the  hyoid  bone,  which  early  unites  with  the  tongue.  The 
cartilage  of  the  third  branchial  arch,  gives  origin  to  the  great 
cornu  and  body  of  the  hyoid  bone ; but  the  arytenoid  cartilage, 
and  the  epiglottis,  are  developed  from  the  first  arch.  The 
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fourth  branchial  arch  soon  coalesces  -with  the  side  of  the  neck. 
All  these  changes  occur  very  early  in  the  puimonated  Verte- 
brata. 

The  Alimentary  Canal. 

The  digestive  canal  is  at  first  merely  the  interior  of  the  body- 
cavity,  which  is  formed  by  the  folding  doAvnwards  and  inAvards 
of  the  lateral  ventral  plates,  and  which,  originally,  communicates 
widely  Avith  the  yolk-sac,  by  the  open  Autelhne  duct.  The  walls 
of  this  common  body-cavity,  are  deidved  principally  from  the 
middle  germinal  layer,  but  they  are  lined  by  the  inner  or  in- 
testinal germinal  layer.  It  is  a short  straight  chamber,  closed 
at  both  the  cephalic  and  the  caudal  end  of  the  embryo.  Its 
innermost  part  soon  separates  from  the  sides  of  the  embryo,  and 
forms  a tube,  in  Avhich  an  abrupt  lend  occmrs  opposite  the  um- 
bilical opening,  and  for  a time  projects  through  it,  being  there 
connected  Avith  the  vitelline  duct.  In  the  Bfrd,  this  duct  con- 
tinues open,  even  after  the  chick  is  hatched ; but  in  the  ^lam- 
malian  embryo,  it  soon  becomes  closed,  and,  attached  to  the 
primary  bend  of  the  alimentary  canal,  forms  the  slender  pedicle 
of  the  yolk-sac  or  wnhilical  vesicle.  The  part  of  the  canal,  or 
tube,  aboAm  the  bend,  forms  the  pharynx,  oesophagus,  stomach, 
and  a portion  of  the  small  intestine ; the  part  beloAv  the  bend, 
the  remainder  of  the  small  intestine,  and  the  large  intestine  : the 
distinction  betAveen  these,  is  soon  mdicated  by  the  appearance 
of  a ctecum,  a little  loAver  doAvn  than  the  bend.  The  closed 
upper  end  of  this  alimentary  tube,  extends  to  the  base  of  the 
crairium,  corresponding  Avith  the  pharynx,  the  oesophagus  being 
■continuous  Avith  it  below.  The  loAver  closed  end  corresponds 
Avith  the  loAver  portion  of  the  rectum.  At  a certain  time,  there 
is  neither  an  oral  nor  an  anal  aperture.  The  buccal  orifice  is 
originally  formed  by  a depression  aboAm  the  first  brancliiirl 
arch,  and  then  opens  into  thephaiynx,  the  tongue  being  afready 
developed  in  its  interior.  At  the  loAver  end  of  the  rectum,  the 
anal  orifice  appears  as  a depression,  Avhich  ultimate^  opens 
into  the  boAvel.  The  stomach  proper  is,  at  first,  a longitudinal 
dilatation  of  the  alimentary  tube,  Avhich  gradually  as.^umes  an 
obhqire,  and  then  a transAmrse,  position.  The  primitive  ah- 
mentary  tube  is  closely  attached  to  the  vertebral  column,  and 
is  covered  by  the  peritonseiun  formed  upon  it  and  upon  the 
walls  of  the  caAUty  of  the  body,  as  it  separates  from  the  latter. 
But  after  the  stomach  has  changed  its  position,  the  convolutions 
of  the  small  intestine,  and  the  remarkable  bend  of  the  large 
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intestine  around  them,  occur.  These  changes  are  owing  to  a 
greater  development  of  the  intestine,  than  of  the  mesentery. 
This  latter  strucUrre  and  the  omenta  are  now  fully  formed. 
The  small  intestine  is,  for  a time,  wdder  than  the  large  intes- 
tine. The  vermiform  apjDendix  of  the  ctecum  is,  as  it  rvere,  an 
incompletely  developed,  yet  growing,  part  of  the  large  intestine. 
The  valvulte  conniventes  of  the  small  intestine  and  the  sacculi 
of  the  colon,  appear  afterwards.  Fringed  villi,  at  first,  exist 
throughout  the  embryonic  alimentary  canal,  but  they  are 
permanent  only  in  the  small  intestine. 

The  Teeth. 

In  the  cavity  of  the  mouth,  the  middle  and  internal  germinal 
layers  give  origin  to  the  buccal  papillce  and  also  to  the  teeth, 
Avhich  are  themselves  formed,  partly  by  the  corium,  and  partly 
by  the  ejDithelium  of  the  buccal  mucous  membrane.  At  first, 
the  rudimentary  upper  and  lower  jawbones  of  Man,  have  no 
alveoli,  and  the  membrane  which  covers  their  horse-shoe 
shaped  borders,  is  quite  smooth.  After  a time,  however,  a 
groove  appears  on  the  margin  of  each  maxillary  bone,  which 
gradually  deepens  and  widens,  and  becomes  separated  by  thin 
osseous  septa,  into  rudimentary  alveoli. 

In  the  meantime,  according  to  one  authority  (Goodsir),  the 
mucous  membrane  over  the  margin  of  the  jaws,  also  presents 
a groove,  called  the  primitive  dental  groove,  from  the  bottom 
of  Avhich  minitte  papillcB  arise,  in  the  human  jaAv  ten  in  num- 
ber, above  and  below.  These  are  the  rudimentary  pulps  of  the 
futiu’e  milk  teeth.  Those  of  the  upper  jaw  appear  first.  In  each, 
the  order  of  their  appearance,  is  as  follows : — the  first  molar,  the 
canine,  the  central  incisor,  the  lateral  incisor,  and  the  second 
molar.  This  is  the  papillary  stage,  which  is  soon  converted 
into  the  follicular  stage,  by  the  rising  up  of  membranous  folds, 
between  and  around  the  papillte.  By  this  time,  each  papilla 
has  enlarged,  and  assumed  the  form  of  the  crown  of  the  futtu’e 
tooth  ; whilst  small  membranous  lids,  or  opercula,  correspond- 
ing, in  number  and  shape,  to  the  surfaces  of  each  tooth,  overlap 
the  papilla.  Subsequently  these  follicles  become  deeper,  and 
are  closed  by  the  adhesion  of  their  opercula  and  by  the  union 
of  the  borders  of  the  dental  groove,  and,  at  their  upper  part,  a 
thicker  portion  is  seen,  which  constitutes  the  enamel  organ. 
The  so-called  dental  sacs  are  thus  formed,  and  the  saccular 
stage  is  completed. 

According  to  Ivdlliker  and  others,  however,  the  dental 
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papilla?,  follicles,  and  sacs,  are  formed  entirely  beneatli  the  epi- 
thelium over  the  jaw.  The  enamel  organ  is  the  part  first  de- 
veloped, as  a thickening  of  the  deeper  layers  of  the  epithelium, 
which  grows  down  into  a flask-shaped  depression,  formed  in 
the  vascular  layer  or  corium  of  the  mucous  membrane  ; the 
papilla  then  rises  up  as  an  extension  from  this  membrane. 
By  removing  the  epithelium,  the  dental  groove,  follicles,  and 
opercula,  of  Goodsir,  are  seen. 

The  form  of  the  summit  of  \he  papilla  being  completed  within 
the  sac,  a thin  cap  of  dentine  appears  on  it,  which  graduallv 
increases  at  its  edges,  and  becomes  thickened  on  its  inner  sur- 
face ; whilst  the  papilla,  at  first  growing  wider,  but  then  con- 
tracting at  its  base  to  form  the  cervix  of  the  tooth,  continues  to 
grow  longer,  and  commences  to  form  the  which  shortly 

acquires  its  covering  of  crusta  petrosa.  In  the  meantime,  bv  a 
separate  process,  the  suriace  of  the  cap  of  dentine,  on  the 
crown,  becomes  covered  by  the  growing  enamel.,  fonned  from 
the  enamel  organ.  At  last,  by  the  gradual  growth  of  the 
fang,  the  tooth  is  pressed  against  the  gum,  which,  becoming 
absorbed,  the  finished  surface  of  the  enamel  is  exposed,  and 
the  tooth  is  cut.  The  fang  is  now  completed  to  its  point,  and 
the  papilla,  now  called  they)«Zp,  remains  as  avascular  and  nervous 
mass,  occupjdng  the  pulp  cavity,  and  receiving  its  vessels  and 
nerves  through  an  orifice  left  at  the  apex.  In  the  meantime, 
the  alveolus  in  the  bone,  has  closely  adapted  itself,  to  the  fang. 

In  the  growth  of  a tooth  having  several  cusps  and  fangs,  a 
separate  shell  of  dentine  and  enamel  forms  on  each  cusp,  the 
whole  afterwards  uniting ; whilst  the  dentine  shoots  in  at 
opposite  points  of  the  base  of  the  pulp,  where  this  begins  to 
divide  to  form  the  separate  fangs. 

Behind  the  groAving  milk  teeth,  in  each  jaw,  recesses  are 
formed  in  the  corium  of  the  mucous  membrane,  which 
also  become  filled  with  epithelium,  out  of  which  future 
enamel  organs  are  developed.  Moreover,  a rmscular  papilla  arises 
from  the  bottom  of  these  flask-shaped  depressions  or  cavities  of 
reserve  (Goodsir),  which  finally  close,  and  become  the  sacs  of 
a like  number  of  the  permanent  teeth.  These  sacs  are  at  first 
oval,  and  adhere  to  the  back  of  the  sacs  of  the  correspond- 
ing milk  teeth,  but  afterwards  they  become  more  elongated, 
and  recede  from  the  gum,  to  Avhich  they  are  onl}-  attached  by 
a fine  cord  or  pedicle,  found  behind  the  necks  of  the  other 
teeth.  In  this  way,  in  Man,  the  ten  anterior  permanent  teeth  in 
each  jaw,  are  developed.  But  the  sacs  for  the  three  additional 
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or  superadded  permanent  teetli,  on  each  side  of  the  two  jaws, 
viz.,  the  sacs  of  the  permanent  molars,  are  formed  by  little 
posterior  cavities  of  reserve,  which  appear  on  the  edges  of  the 
jaws,  behind  the  other  teeth.  These  latter  teeth  are  cut  like 
the  milk  teeth.  But  the  anterior  permanent  teeth  emerge  dif- 
ferently. Between  the  fang  of  the  temporary  tooth  and  the  sac 
of  the  corresponding  permanent  tooth,  there  is  a thin  layer  of 
cancellated  osseous  tissue  ; and  in  this  bone,  is  a little  canal, 
which  lodges  the  pedicle  of  the  sac.  The  crown  of  a permanent 
tooth,  being  completed  within  its  sac,  its  fang  or  fangs  begin  to 
be  formed;  the  crown  is  pressed  against  the  bony  partition 
separating  it  from  the  fang  of  the  milk  tooth,  and,  when  this  is 
absorbed,  against  the  fang  itself.  A peculiar,  thick,  pulpy, 
vascular  areolar  tissue  intervenes  between  them,  and  appears 
to  accomplish  a gradual  absorption,  first  of  the  crusta  petrosa, 
afterwards  of  the  dentine,  and  even  of  the  lotver  part  of  the 
enamel  of  the  milk  tooth.  Sometimes  thi.«  process  of  absorption, 
which  is  not  due  merely  to  pressure,  is  tem^Dorarily  interrupted, 
a renewed  deposition  of  dentine  taking  place.  At  length,  the 
side  of  the  socket,  the  fang,  neck,  and  even  part  of  the  crown 
of  the  milk  tooth,  having  been  ab.sorbed,  the  tooth  is  loosened, 
hangs  for  a time  by  the  gum,  and  finally  drops  out.  The  per- 
manent tooth  rises  in  its  place;  the  crown  appears  above  the 
gum,  whilst  the  fang,  closely  followed  by  a consentaneous 
development  and  modelling  of  the  osseous  tissue  of  the  jaw, 
becomes  firmly  fixed  in  its  socket.  The  giving  way  and  dis- 
appearance of  the  bone  in  one  place,  and  its  growth  in  other 
directions,  by  interstitial  absorption  and  deposition,  are  re- 
markable examples  of  the  plastic  endowments  of  the  osseous 
tissue. 

The  development  of  the  teeth  in  the  Mammalia,  conforms 
generally,  to  the  process  above  described. 

The  dentition  of  the  Marsupialia,  how4ver,  has  lately  been  shown  to 
be  very  pecnliar.  The  only  tooth  which  is  suecessional,  is  the  last 
prernolar,  on  each  side  of  both  jaws  ; it  alone  is  preceded  by  a temporary 
tooth,  which  has  a molar  shape.  The  other  teeth  of  the  Marsupial  jaw, 
not  having  any  predecessors,  might  perhaps  be  regarded  as  themselves 
belonging  to  the  first  set,-  though  not  falling  out ; but  this  view  seems 
contrary  to  the  homologies  of  these  teeth,  which  show  them  to  be 
permanent.  Perhaps  in  a very  early  stage  of  development,  transitory 
rudiments  of  other  temporary  teeth,  may  be  met  with  in  the  fore  part  of 
the  jaw  of  the  Marsupials  (Flower).  The  milk  premolars  of  the  guinea- 
pig,  are  shed  even  before  birth  ; the  milk  teeth  of  the  Bats,  Insectivora, 
and  seals  are  very  simple  and  temporary;  the  first  incisors  of  the 
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elephant  are  very  small,  and  the  large  incisors  of  the  Eodents,  do  not 
appear  to  have  temporary  predecessors. 

The  teeth  are  always  parts  of  the  exo-  or  dermo-sTceleton.  The  re- 
placement of  the  deciduous,  bj’  permanent  teeth,  occurs  only  once.  But 
in  the  carnivorous  Cetacea,  the  Edentata,  and  the  Alonotremata,  there  is 
no  succession  of  teeth.  Such  animals  are  called  Monophyodonts,  the 
ordinary  Mammalia  being  named  Diphyodonts.  The  teeth  of  Eeptiles 
and  Fishes,  are  also  developed  upon  papiEae,  and  are  mostly  enclosed  in 
sacs,  or  follicles,  in  certain  cases,  provided  with  an  enamel  organ  ; in  the 
parrot  fish,  the  rudiments  of  the  teeth  sink  into  alveoli ; in  the  pike, 
they  sink  only  into  sacs  or  follicles;  in  the  sharks  and  rays,  they 
remain  as  papillse  on  the  surface,  thus  representing  the  papillary, 
follicular,  saccular,  and  alveolar  stages  of  development  of  the  teeth  of 
Mammalia. 

The  Digestive  Glands,  the  Lungs,  and  the  Spleen. 

The  nnicotts  glands  of  the  month,  the  salivary  glands,  the 
mncous  glands  and  special  tnbular  glands  of  the  stomach  and 
intestine,  the  liver  and  pancreas,  and  even  the  Inngs,  are 
developed  from  the  middle  and  innermost  germinal  layers, 
the  latter  forming  the  epithelial  lining  of  the  several  glandular 
organs.  They  nsnally  commence  by  processes  of  epithelinm, 
which  sink  into  the  corium,  penetrate  into  numerous  bud-like 
projections,  corresponding  with  the  future  lobes  and  lobules  of 
the  gland,  and  are  subsequently  hollowed  out,  to  form  the  ducts. 

Thus,  the  lungs  commeuce  by  two  solid  cellular  processes, 
from  the  front  of  the  oesophagus,  which  soon  become  hollow. 
These  processes  branch  out  into  numerous,  at  first  solid, 
but  afterwards  hollow,  ramifications,  which  become  lined  by 
a ciliated  epithelium,  and  form  the  bronchi,  bronchia  and 
air-cells.  The  primitive  lungs  open  separately  into  the 
pharjmx,  but  afterwards  by  a common  trachea.  The 
trachea  and  larynx  are  produced  by  a lengthening  out  and 
excavation  of  a primitive  peduncle,  derived  fi-om  the  oeso- 
phageal walls : the  larynx  is  developed  from  two  lateral 
symmetrical  masses  of  blastema,  connected  m front.  Until 
the  lungs  are  inflated  at  birth,  thev  resemble  a sohd  gland 
containing  ducts  with  terminal  acini ; they  then  lie  close  to 
the  back  of  the  thorax. 

The  liver  first  appears,  as  two  small  conical  projections  of 
the  corium  and  epithehal  tissire,  on  the  side  of  the  intestine, 
below  the  stomach.  These  soon  become  hollow,  and  from 
them,  numerous,  solid,  cylindrical  branches  extend  into  the 
groAving  matrix.  Continuing  to  extend,  these  ramified  masses 
of  cells,  ultimately  unite  in  a terminal  network,  and,  becoming 
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hollo'wecl  out,  form  tlie  bile-ducts,  The  liver  rapidly  acquires 
a relatively  large  size,  and  is  lobed ; it  soon  even  begins  to 
secrete  bile,  or,  at  least,  the  colouring  substance  of  the  bile, 
for  the  biliary  acids  are  said  to  be  absent.  This  imperfect 
hepatic  secretion  enters  the  intestine  of  the  embryo,  forming 
the  so-called  meconium. 

The  pancreas  is  developed,  in  a similar  manner,  close  to  the 
spleen,  by  the  formation  of  a small  mass  of  cells  irom  the 
ejjithelial  layer  on  the  left  side  of  the  intestine,  which  after- 
wai  ds  grows,  and  becomes  canaliculated  to  form  the  pancreatic 
ducts. 

The  spleen  commences  near  the  great  curvatime  of  the 
.stomach,  but  probably  from  a distinct  blastodermic  mass.  The 
thyroid  body  appears  as  a similar  small  mass,  in  contact  with 
the  cesophageal  lining  membrane,  in  close  connection  with  the 
commencing  larynx.  The  thymus  is  said  to  originate  separately., 
in  front  of  the  great  vessels  of  the  neck,  as  a delicate  closed 
tube,  Avhich  becomes  diverticulated  at  the  sides,  and  filled 
with  nucleated  cells  and  fluid. 

The  Urinary  and  Reproductive  Organs. 

The  Madder,  as  already  stated,  is  a part  of  the  urogenital 
sinus,  and  is  connected  at  its  apex  with  the  urachus,  or 
obliterated  abdominal  portion  of  the  allantois.  It  is  developed 
originally,  as  a small  pouch,  connected  with  the  lower  end  of 
the  large  intestine.  The  part  of  the  intestine  below  the 
primitive  communication  with  the  bladder,  forms  a true 
cloaca,  into  which  the  digestive,  ririnary,  and  reproductive 
canals  all  open.  The  anterior  part  is  soon  separated  from  the 
proper  intestinal  portion,  by  a septum  which  corresponds 
■with  the  future  peringeum.  It  is  this  anterior  part,  which 
forms,  for  a time,  the  sinus  uro-genitalis,  the  common  outlet  of 
the  urinary  and  reproductive  passages,  and  which  becomes 
idtimately  modified  according  to  the  sex. 

Very  early  in  embryo  life,  two  remarkable  symmetrical 
organs  appear,  at  first  as  two  linear  elevations,  one  on  each 
side  of  the  primitive  vertebrge,  forming  proportionally  very 
large  reddish  masses,  and  reaching  from  opposite  the  heart  to 
the  lower  end  of  the  vertebral  column.  Originally,  they  consist 
of  two  symmetrical  longitudinal  canals,  in  the  walls  of  which 
slight  csecal  depressions  speedily  form.  When  fully  developed, 
they  consist  of  numeroirs  comb-like,  blind,  hollow  processes, 
lined  Avith  ciliated  epithelium,  very  vascular,  and  communi- 
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eating  each  with  a long  duct,  which  runs  do'^vnwards,  and 
opens  into  the  genito-urinary  sinus.  Malpighian  bodies,  or 
arterial  tufts,  have  been  detected  in  them.  These  organs 
are  the  Wolffian  bodies,  or  primordial  Jcidneijs,  so  called 
because  their  secretion  contains,  amongst  other  products,  uric 
acid  ; in  Fishes,  they  are  said  to  become  the  future  kidneys. 
In  the  Warm-blooded  Vertebrata,  they  are  in  no  way  connected 
with  the  development  of  the  kidneys,  but  rather  with  the  fir.st 
formation  of  the  reproductive  organs.  Their  secretion  finds 
its  way,  through  the  genito-urinary  sinus,  into  the  allantois,  or 
future  urinary  bladder.  They  are  proportionally  larger  in 
the  lower  Vertebrata,  and  persist  for  a longer  time.  At  first, 
higlily  vascular,  they  afterwards  almost  entirely  disappear,  as 
the  proper  kidneys  are  formed.  The  kidneys  themselves, 
commence  as  thick,  smooth,  or  lobulated  opaque  masses,  or 
processes  of  cells,  arising  from  the  sides  of  the  cloaca,  behind 
the  AVolffian  bodies;  as  these  latter  diminish,  the  kidneys 
enlarge,  and  gi-adually  receding  from  the  urogenital  sinus  and 
cloaca,  assume  their  firtiire  normal  position.  They  continue 
to  be  connected  with  the  urogenital  sinus,  by  a duct  which 
forms  the  future  ureter,  pelvis,  and  calyces.  The  renal  matri.K 
at  first  contains  bundles  of  solid  processes,  which  afterwards 
become  hollowed  oirt,  to  form  the  tubuli  uriniferi ; these  are 
said  not  to  open  originally  into  the  pelvis  of  the  kidney.  The 
kidneys  soon  become  lobidated,  but  afterwards  smooth.  Mal- 
pighian bodies  appear  in  them  very  early.  The  supra-renal 
bodies  are  independent  formations. 

On  the  inner  side,  and  somewhat  behind  each  Wolffian  body, 
appears,  rather  early,  a little  opaque  mass,  which  is  ultimately 
changed,  according  to  the  ses,  into  the  ovary  or  the  spermatic 
gland.  Two  ducts,  the  ducts  q/d/M//er,  appear  simultaneously, 
connected  at  tlieir  lower  ends  with  the  sinus  uro-geuitalis,  but 
terminating  at  their  upper  ends,  at  first,  in  blind  extremities. 
In  the  male,  these  become  connected  with  the  spemratic  gland, 
at  the  back  of  which,  even  in  the  adult  condition,  they  some- 
times present  a long  diverticidum.  In  this  situation,  too, 
vestiges  of  the  Wolffian  bodies  may  still  be  traced  (Giraldes). 
In  the  female,  these  ducts  do  not  coalesce  with  the  ovaries,  but 
remain  separate  and  form  the  oviducts  of  Fishes,  Amphibia, 
Reptiles,  and  Birds,  the  left  one  only  usually  persisting  in  the 
adult  condition,  in  the  two  last-named  Classes.  In  the  Mammahn, 
they  constitute  the  free  part  of  the  Fallopian  tube ; between  it 
and  the  ovary,  are  found,  in  the  adult,  vestiges  of  the  W olffian 
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bodies  (Rosenmliller).  From  the  lower  end  of  these  tubes, 
and  from  the  portion  of  the  genito-urinary  sinus  into  which 
these  ducts  open,  the  future  uterus,  or  the  prostate  gland,  is 
developed.  In  the  Monotremata,  an  intermediate  condition 
exists,  approaching  to  the  birdlike  structure  of  the  parts ; for 
the  two  Fallopian  tubes  open  separately  into  the  uro-genital 
sinus.  In  the  Marsupials,  and  some  Rodents,  they  combine 
before  they  open,  forming  a double  rrterus.  In  the  Marsupials, 
remarkable  poirches,  the  so-called  marsupia,  supported  by 
special  bones,  are  found  in  connection  with  the  pelvic  organs ; 
they  receive  the  young,  Avhich  are  born  in  an  immature  state. 
In  other  Rodents,  the  uterus  is  cleft.  In  the  Cetacea,  Solipeds, 
and  Ruminants,  the  uterine  chamber  is  double,  or  two-horned ; 
in  the  Carnivora,  Insectivora,  and  Cheiroptera,  the  horns  of 
the  uterus  are  comparatively  short.  In  the  apes,  this  organ 
is  but  slightly  notched.  The  human  uterus  ibrms  a simple 
triangular  chamber. 

The  Heart,  Bloodvessels,  and  Blood. 

The  first  appearance  of  bloodvessels  in  the  embryo  and  its 
appendages,  can  be  best  observed  in  the  incubated  hen’s  egg. 
In  the  middle  germinal  layer,  Avhere  it  extends  over  the  yolk, 
linear  clusters  of  nucleated  cells  appear,  and  arrange  themselves 
in  streaks,  Avhich  soon  unite  in  a retiform  manner  ; these 
speedily  become  distinguished,  by  special  processes  of  differen- 
tiation or  development,  into  an  external  firmer  part,  or  Avail, 
Avhich  forms  a future  bloodvessel,  and  an  internal  softer 
part,  Avhich  remains  fluid,  and  further  separates  into  liquor 
sanguinis  and  blood  corpuscles,  some  of  Avhich  are  colourless, 
whilst  others  soon  acquire  the  characteristic  red  colouring 
matter.  The  fluid  central  part  of  these  red  streaks,  is  blood  ; it 
soon  exhibits  movement,  and,  as  the  A^essels  become  connected, 
it  forms  continuous  streams.  These  earliest  vessels  on  the 
surface  of  the  yolk,  constitute  the  so-called  vascular  area ; they 
terminate  in  a marginal  bloodvessel,  knoAvn  as  the  sinus  ter- 
minalis ; this,  extending  beyond  the  embryo,  both  in  front 
and  behind,  divides  into  vessels  Avhich  run  toAvards  each  ex- 
tremity of  the  embryo.  In  the  meantime,  in  front  of  or 
beneath  the  chorda  dorsalis,  near  the  cephalic  end  of  the  em- 
bryo, within  the  middle  germinal  layer,  a solid  mass  of  cells 
appears,  connected  Avith  certain  branching  streaks;  the  outer 
part  of  this  becomes  converted  into  an  elongated  sac  or 
dilated  tube,  the  primitive  heart,  and  the  interior  into  the 
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liquor  sanguinis  and  blood  corpuscles  ; Avhilst  from  the  con- 
nected streaks,  are  developed,  an  arterial  trunk  ■which  divides 
into  two  branches,  at  the  anterior  end  of  the  now  tubular  heart, 
and  a venous  trunk  communicating  with  its  hinder  end.  These 
rudiments  of  a propulsive  organ  or  heart,  ■\vith  its  embryonic 
arterial  and  venous  channels,  are,  moreover,  soon  connected 
A\dth  the  vessels  already  mentioned  as  being  formed  outside  the 
embryo,  in  the  vascular  area  upon  the  yolk,  and  thus  a deter- 
minate direction  is  given  to  the  blood  circulating  through  the 
embryo  and  the  surrounding  vascular  area.  At  this  time,  there 
are  no  capillaries  in  the  embryo ; all  the  vessels  are  either 
arterial  or  venous.  The  blood  appears  to  pass  out  from  the  sides 
of  the  embiyo,  and  to  reach  the  terminal  sinus,  by  which  it  is 
conveyed  back  in  the  direction  of  the  cephalic  end  of  the  embryo. 
The  heart,  which  originates  A^ery  early — after  the  commence- 
ment of  the  second  day  in  the  chick — in  a group  of  cells  con- 
nected Avith  the  intestinal  portion  of  the  middle  blastodermic 
layer,  soon  forms  a .straight  longitudinal  utricle,  or  sac,  from 
the  anterior  end  of  AA'hich  a short  arterial  trunk  arises,  the 
hulhiis  arteriosus.  This  .speedily  dmdes  into  two  branches, 
Avhich  giAm  off  tAvo  anterior  and  two  posterior  vertebral  arteries : 
the  former  supply  the  cephalic  part  of  the  embryo,  and  the  latter 
soon  unite,  to  form  the  descending  aorta.  The  primitive  aorta 
is  very  early  connected  Avith  two  small  arteries,  named  the 
omphalo-mesentei'ic  or  meseraic  arteries,  Avhich  pass  laterally 
on  to  the  yollv-sac,  hence  they  are  also  named  vitelline  arteries, 
and  branch  out  into  the  Avascular  area  ; they  convey  the  blood 
from  the  heart  and  body  of  the  embryo,  over  the  yolk-sac. 
After  a time,  one  of  these  arteries  disappears,  the  left  usually 
remaining.  From  the  Avascular  area,  the  blood  is  rertrrned 
to  the  embiyo,  by  the  anterior  reciu’A^ed  ends  of  the  terminal 
sinus,  which  appears  to  have  the  fimction  of  a vein.  But  fi-om 
the  hinder  part  of  the  vascular  area,  other  veins  proceed,  and 
end  in  posterior  branches,  Avhich  join  the  recurved  ends  of  the 
terminal  sinus  to  form  the  tAvo  omphalo-mesenteric  veins:  the.«e 
enter  the  embryo,  and  become  connected  Avith  the  posterior 
extremity  of  the  still  sti-aight,  sac-like,  heart.  After  a time,  the 
right  omphalo-mesenteric  A-ein  shrinks,  the  left  one  remaining 
pervious. 

In  the  Bird,  the  vessels  of  the  vascular  area  become  very 
large,  and  form  the  vitelline  vessels;  they  send  vascular  pro- 
cesses into  the  substance  of  the  yolk,  and  thus  food  is  absorbed 
by,  and  supplied  to,  the  embryo.  The  yolk-sac  is  the  temporaiy 
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alimentary  chamber  of  the  embryo,  and,  in  certain  lower 
animals,  it  remains  so ; its  vessels  are  represented  by  the  ab- 
dominal veins  in  the  Non-vertebrate  forms.  The  vessels  of  the 
yolk  persist  in  the  Bird  up  to  the  period  of  hatching,  and  for 
some  time  after’\rards,  until  the  contents  of  the  yolk  sac  are  com- 
pletely absorbed.  But  in  the  Mammalian  ovum,  the  omphalo- 
mesenteric artery  and  vein  continue  very  small,  and  soon 
become  obliterated.  The  circulation  through  the  vascular  area 
to  the  terminal  sinus,  in  them,  is  probably  chiefly  respiratory. 

But  now  a change  takes  place  in  the  circulation  outside  the 
embryo,  both  in  the  Bird  and  in  the  Mammal.  The  allantois 
grows,  and  two  arteries,  proceeding  from  the  posterior  verte- 
brals,  named  the  hypogastric  or  umbilical  arteries,  proceed  out 
upon  it;  whilst  two  veins,  returning  upon  it,  also  named 
umbilical,  join  the  common  trimk  of  the  omphalo-mesenteric 
veins.  The  right  umbilical  vein  then  disappears,  and  the  left 
one,  enlarging,  as  the  single  left  omphalo-mesenteric  vein 
diminishes,  soon  appears  as  the  chief  median  vein,  carrying 
the  blood  iroin  the  allantois,  or  its  modification,  the  placenta, 
back  to  the  heart  of  the  embryo.  It  now  passes  through  or 
beneath  the  liver.  When  the  vitelline  vessels,  in  the  Mam- 
malian embryo,  have  shrunk,  the  proximal  part  of  the  left 
omphalo-mesenteric  vein,  forms  the  trunk  of  the  portal  vein, 
and  the  part  beyond  this,  after  joining  rvith  the  umbilical  vein, 
constitutes  the  ductus  venosus,  with  which  vessels  the  liver 
and  its  veins  are  now  seen  to  be  connected. 

As  the  embryo  develops,  the  heart  itself  midergoes  a process 
of  bending  or  curvature,  like  an  italic  letter  S.  At  the  same 
time,  it  enlarges,  and  acquires  thicker  walls ; the  anterior  or 
arterial  part,  which  gives  off  the  bulbus  arteriosus,  is  now 
placed  nearer  to  the  under  side  of  the  embryo,  Avhilst  the  pos- 
terior or  venous  part,  which  receives  the  conjoined  veins,  is 
turned  backwards  towards  the  vertebral  column.  The  saccular 
liea7't  is  now  marked  off,  by  two  constrictions,  into  three 
chambers,  of  which  the  first,  or  the  one  nearest  the  veins,  soon 
exhibiting  two  superficial  bulgings,  corresponds  with  the  future 
auricles  ; the  second,  also  quickly  showing  an  external  line  ot 
subdivision,  or  notch,  forms  the  ventricles,  and  the  third,  lying 
in  front  of  and  above  the  others,  forms  the  bulbus  arteriosus. 
Each  of  these  quickly  becomes  subdivided.  Thus,  a septum, 
commencing  on  the  anterior  part,  opposite  to  an  external 
groove  in  its  ventricular  portion,  grows  upwards  and  back- 
wards from  the  apex  to  the  base  of  the  heart,  ati3  ultimately 
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divides  it  into  tlie  right  and  left  ventricles.  Some  time  after 
tliis,  the  septum  between  the  auricles  begins  to  appear,  growing 
both  from  above  and  below,  like  two  folds  with  crescentic 
margins  ; the  edq:e  of  the  iipper  fold,  as  it  grows,  keeps  to  the 
right  side  of  the  lower  fold,  so  that  the  passage  from  one  auricle 
to  the  other,  named  the  foraraen  ovale,  is  more  or  less  oblique. 
The  septum  is  completed  at  the  period  of  hatching  of  the  chick, 
and  of  the  birth  of  the  Mammalian  embryo.  Lastly,  the  bulbus 
arteriosus  becomes  subdivided  longitudinally,  into  the  pulmo- 
nary artery  and  the  aorta,  each  remaining  connected  with  its 
respective  ventricle.  The  primitive  heart,  whilst  it  is  still 
merely  a straight  tube,  already  manifests  its  proper  function,  its 
walls  containing  sarcous  cells  of  round,  oval,  and  fusiform  shape, 
and  distinctly  contractile,  the  contractions  soon  being  seen  to 
ja’oceed,  in  regular  succession,  from  the  hinder,  or  venous,  to 
the  anterior,  or  arterial  end.  Then,  and  even  much  later, 
when  the  heart  is  beginning  to  acquire  its  characteristic  shape, 
its  contractile  walls  present  no  distinct  muscular  fibres,  but 
only  large  contractile  nucleated  cells,  which  are  at  first  roimd- 
ish,  but  afterwards  become  developed  into  spindle-shaped,  or 
even  forked,  contractile  fibre  cells.  The  valves  are  developed, 
in  their  respective  positions,  from  the  inner  surface  of  the 
heart,  commencing  very  early. 

The  arterial  system  of  the  embrj-o,  is  developed  by  the  for- 
mation, and  subsequent  metamorphoses,  of  five  arches  on  each 
side,  which  are  formed  in  succession  from  the  original  arterial 
trunk  at  the  anterior  end  of  the  heart,  all,  however,  not  being 
present  at  the  same  time.  The  arch  first  formed,  consisting  of 
the  two  branches  into  which  the  primitive  arterial  trunk  divides, 
and  which,  curling  backwards,  unite  along  a part  of  their  course 
to  form  the  descending  aorta,  has  already  been  described. 
Behind  this  first  arch,  a second,  third,  fourth,  and  fifth  arte- 
rial arch  are  formed  on  each  side,  the  first  arch  being  obh- 
terated  before  the  last  one  appears ; all  in  turn  coalesce  as 
they  pass  backwards,  like  the  returning  part  of  the  first  pair, 
to  assist  in  forming  the  descending  aorta.  This  is  the  condi- 
tion which  persists  in  Fishes,  by  which  the  trunks  of  their 
characteristic  branchial  vessels  are  formed  (p.  267).  In  the 
higher  Vertebrata,  this  state  is  very  rapidly  changed,  and  its 
several  phases  of  development  correspond  with  the  adult  con- 
dition of  the  Amphibia  and,  in  some  respects,  of  lleptiles  and 
Birds  as  well.  These  changes  fully  explain  the  mode  of  origin 
of  all  these  varieties,  fi'om  a common  Vertebrate  embryouid 
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type.  The  upper  primitive  arterial  arches,  or  primary  arches, 
are  said  to  occupy  the  third  branchial  or  visceral  arches  or 
lobes,  already  described  as  appearing  in  the  facial  and 
cervical  regions  of  the  embryo.  These  arterial  arches  are 
thus  modified  : — The  fifth,  or  posterior  arch,  the  last  one 
formed,  disappears  on  the  right  side ; whilst,  on  the  left,  it  con- 
stitutes the  trunk  of  the  future  pulmonary  artery,  and  joins  the 
fourth  arch.  This  fow'th  arch,  on  the  left  side,  forms  the  left 
aortic  arch,  which,  joining  with  the  first,  then  descends  and 
unites,  in  the  Bird,  with  the  corresponding  or  fourth  arch  of 
the  right  side,  to  form  the  aorta  ; but  in  the  INIammal,  the  fourth 
arch,  on  the  right  side,  does  not  form  a right  aortic  arch,  birt 
remains  pervious,  as  the  innominate  and  the  commencement  of 
the  right  subclavian  arteries,  from  wdiich  the  vertebral  and  axil- 
lary arteries  are  given  off.  On  the  left  side,  the  subclavian 
is  given  off  directly  from  the  fourth,  or  left  aortic,  arch.  The 
commencement  or  inner  ends  of  the  third  arches,  form  the 
corresponding  common  carotids,  whilst  the  third  arches  them- 
selves remain  as  the  internal  carotids.  The  commencement  or 
inner  ends  of  the  first  and  second  arches,  become  the  external 
carotids,  the  transverse  parts  of  the  last-named  arches,  en- 
tirely disappearing  (Eathke). 

The  veins  of  the  embryo,  consist,  at  first,  of  four  symmetrical 
cardinal  veins,  two  anterior  and  twm  posterior,  one  on  each  side. 
The  anterior  and  posterior  vein  of  each  side,  join  to  form  the 
so-called  right  and  left  ducts  of  Cuvier  ; these  again  unite  in 
the  middle  line,  into  a very  short  trunk,  which,  at  an  early 
period,  opens  into  the  single  auricle,  and,  except  in  Fishes, 
ultimately  forms  part  of  that  cavity ; hence  the  two  ducts  of 
Cuvier  open  independently,  as  two  superior  veniB  cavie,  into  the 
auricle.  This  condition  remains  permanent  in  Birds  and  some 
of  the  low^er  Mammalia,  which  possess  both  a right  and  a left 
vena  cava  superior,  opening  separately  into  the  right  auricle. 
Instances  are  occasionally  met  wdth,  from  arrest  of  deve- 
lopment, of  two  such  veins  in  the  human  body.  The  anterior 
cardinal  veins  remain  on  each  side,  as  the  internal  jugtdar  vein. 
Between  them,  across  the  root  of  the  neck,  a ti-ansverse  branch 
is  very  early  formed,  below  the  future  subclavian  veins.  This 
cross  branch,  becoming  enlarged,  at  the  same  time  that  the  part 
of  the  left  cardinal  vein,  extending  below  it  dowm  to  the 
coronary  veins  on  the  back  of  the  heart,  is  obliterated,  con- 
veys the  blood  from  the  left  side  of  the  head  and  upper  limb, 
over  to  the  venous  trunk  of  the  right  .side,  and  form.s  the  future 
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left  innominate  vein,  the  persistent  venous  trunk  of  the  right 
side  becoming  the  vena  cava  superior.  The  posterior  cardinal 
veins  originally  return  the  blood  from  the  WoltEan  bodies,  and 
from  the  hinder  part  of  the  embryo.  These  afterwards  become 
the  azygos  veins,  of  which,  hoAvever,  the  right  one  only  re- 
mains in  Man  and  the  higher  hlammalia,  the  left  vein  disap 
pearing  up  to  the  back  of  the  heart.  Here,  however,  traces  of 
the  left  cardinal  trunk.,  or  left  vena  cava  superior,  remain  as 
the  cardiac  sinus,  or  the  short  dilated  terminal  portion  of  the 
great  cardiac  or  coronary  vein.  Sometimes  a smaller  azygos 
vein,  on  the  left  side,  ascending  to  the  innominate,  represents 
another  portion  of  the  primitive  cardinal  vein  ; from  this 
point,  however,  dovm  to  the  cardiac  sinus,  at  the  back  of 
the  heart,  vestiges  of  the  course  of  the  primitive  vein,  may  be 
found  throughout  life.  The  left  superior  vena  cava,  when  it 
exists,  pursues  the  same  course.  The  inferior  vena  cava  is 
developed  as  a median  vein  accompanying  the  aorta,  altogether 
independently  of  the  posterior  lateral  cardinal  veins.  It  is 
chiefly  formed  by  the  upper  part  of  the  omphalo-mesenteric 
trunk,  which  is  joined  by  the  umbilical  vein,  forming  the 
ductus  venosus ; it  also  receives  the  common  trunk  of  the 
future  iliac  A'eins.  It  terminates,  at  first,  in  the  left  half 
of  the  common  auricle,  but  is  soon  shut  off  from  that,  by  the 
lower  fold  of  the  inter-auricrdar  septum.  The  mode  in  which 
the  pulmonary  veins  are  formed,  and  brought  into  relation  with 
the  left  amdcle,  is  not  known. 

Embryonal  and  Foetal  Circulations. 

The  circulation  established  bet-ween  the  early  embryo  and  the 
vascMar  area  upon  the  yolk,  has  been  called  the  first  embryonal 
circulation  ; it  is  intended  for  nutrient  and  respiratory  pur- 
poses. In  the  ovum  of  aU  the  Vertebrata,  it  soon  ceases  to  be 
sufficient  as  a respiratory  circulation.  Thus,  in  the  Fish  and 
Amphibia,  the  branchial  arches  give  origin  to  external  or 
internal  gills,  which  cany  on  the  embryonic  respiration ; but 
in  the  Eeptile,  Bird,  and  IMammal,  the  allantoid  sac  is  de- 
veloped, the  bloodvessels  of  which  convey  blood  outwards 
from  the  body  of  the  embryo,  in  order  that  it  may  be  aerated, 
and  then  return  it  to  the  embryo  again,  thus  assisting  in  the 
respiratory  function.  Moreover,  in  the  IMammalian  ovum,  in 
which  the  yolk  is  so  minute,  the  allantois  and  its  vessels,  as 
we  have  seen,  assist  in  the  formation  of  the  placenta,  which  is 
not  only  a respiiutory,  but  a nutideut  organ.  This  allantoid 
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or  placental  circulation  constitutes  wliat  has  been  called 
the  second  emhiojonal  circulation.  It  is  thus  carried  on  : — 
from  the  iliac  arteries  of  the  embryo,  the  two  hypogastric 
or  umbilical  arteries  proceed  outwards  along  the  allantoid 
sac,  and,  in  the  eggs  of  the  Reptile  and  Bird,  ramify  in 
the  outer  layer  of  the  allantois,  immediately  beneath  the 
permeable  shell  and  shell-membrane.  In  the  Mammalian 
embryo,  the  blood  enters  the  membranous  or  villous  placenta, 
and  is  returned  by  the  single  umbilical  vein,  which  runs  be- 
neath the  liver  and  joins  the  inferior  vena  cava,  just  below  the 
heart.  In  passing  beneath  the  liver,  the  umbilical  vein  com- 
municates freely  with  the  portal  vein.  The  blood  brought 
back  by  the  luubilical  vein,  is  arterialised ; it  partly  enters  the 
liver  through  its  portal  veins,  and  is  thence  returned  by  the 
hepatic  veins,  to  the  inferior  vena  cava,  but  it  is  partly  con- 
ducted on  directly  to  this-last  named  vein,  the  portion  of  the 
venous  trunk  which  so  conducts  the  blood,  being  named  the 
ductus  venosus.  In  the  vena  cava  inferior,  this  mixed  hepatic 
and  arterial  blood  becomes  further  mingled  with  the  venous 
blood  from  the  hinder  part  of  the  embryo,  and  the  combined 
stream  then  enters  the  right  auricle,  and  here,  gmded  by  the 
Eustachian  valve,  is  chieHyy  and,  in  the  early  stages  of  de- 
velopment, entirely,  conveyed,  through  the  fm-amen  ovale  in  the 
auricular  septum,  directly  into  the  left  auricle.  On  the  other 
hand,  the  purely  venous  blood  returned  from  the  anterior  half 
of  the  embryo  by  the  superior  vena  cava,  separated  by  the 
same  valve,  remains  in  the  right  auricle.  The  contents  of  the 
auricles  being,  by  their  contraction,  driven  into  the  corre- 
sponding ventricles,  it  follows  that  the  partially  arterialised 
blood  in  the  left  auricle,  enters  the  left  ventricle,  and  from  it, 
is  propelled  into  the  aorta  and  its  branches,  whilst  the  venous 
blood  in  the  right  auricle,  enters  the  right  ventricle,  and  from 
it,  is  propelled  into  the  pulmonary  artery.  The  pulmonary 
artery  is,  in  the  embryo,  connected  by  a short  arterial  trunk, 
named  the  ductus  arteriosus,  with  the  rmder  side  of  the  arch 
of  the  aorta.  Hence  the  blood  in  the  descending  aorta  below 
that  point,  is  mixed  with  the  venous  blood  collected  in  the 
right  auricle,  whilst  the  arch  of  the  aorta  contains  the  arte- 
rialised blood  collected  in  the  left  auricle.  This  latter  blood 
is  therefore  conveyed  by  the  great  branches  given  off  from  the 
arch  of  the  aorta,  to  the  anterior  part  of  the  embryo,  i.e.  to 
the  head,  neck,  and  upper  limbs ; whilst  the  former,  or  non- 
arterialised  blood,  proceeds,  in  very  small  quantity,  through  the 
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still  narrow  pulmonary  artery,  into  the  collap.sed  lungs,  but 
almost  entii’ely  through  the  descending  aorta,  iliac  arteries  and 
their  branches,  to  the  posterior  part  of  the  trunk  of  the  embryo 
and  the  hinder  limbs.  A portion  of  it,  however,  is  also  conveyed, 
along  the  hypogastric  or  umbilical  arteiies,  to  the  allantois  or 
placenta,  to  be  once  more  renovated;  from  these  parts  it  is 
then  returned  to  the  embryo,  by  tlie  umbilical  vein,  as  arte- 
rialised  blood,  and  pursues  the  course  already  described,  over 
again.  The  tcctal  circulation  is,  therefore,  largely  accomplished 
by  the  action  of  the  right  ventricle,  and  the  walls  of  this  cavity, 
before  birth,  are  of  equal  thickness  with  those  of  the  left 
ventricle.  The  right  auricle  is  then  also  larger  and  thicker 
than  the  left. 

It  is  probable  that,  from  the  admixture  of  the  venous  blood 
of  the  embryo,  at  several  points,  with  the  arterialised  blood 
broTtght  from  the  allantois  or  placenta,  no  portion  of  the  em- 
bryo is  supplied  with  pure  arterial  blood,  especially  whilst  the 
foramen  ovale,  between  the  auricles,  is  very  patent.  Never- 
theless, the  head  and  upper  limbs  always  receive  blood  more 
perfectly  oxygenated  than  that  distributed  to  the  lower  half 
of  the  body.  This  dilFerence  is  associated  with  the  more 
rapid  development  of  the  important  parts  situated  in  the 
anterior  half  of  the  embryo.  Thus,  the  head,  the  ence- 
phalon and  the  organs  of  the  senses,  exhibit  a far  greater 
activity  of  development,  than  the  hinder  portion  of  the  embrvo 
and  the  corresponding  part  of  the  nervous  axis.  The  anterior 
limbs  also  show  a greater  relative  develojDment  than  the  poste- 
rior. These  conditions  have  even  been  regarded  as  having 
the  relation  of  cause  and  effect ; but  probably  they  are  merely 
associated  conditions.  As  the  heart  approaches  its  perfect 
state,  and  the  foramen  ovale  becomes  smaller,  and  its 
course  through  the  auricular  septum  more  oblique,  the  arte- 
rialised blood  is  probably  more  completely  conducted  into  the 
left  auricle,  and  so,  through  the  left  ventricle,  aorta,  and  great 
arteries,  reaches  more  especially  the  anterior  part  of  the  body. 

Change  in  the  Circulation  at  Birth. 

At  the  period  when  the  young  Eeptile  escapes  from  its  egg, 
when  the  young  Bird  first  chips  the  shell,  and  when  the  young 
Mammal  is  born,  each  begins  to  respire  by  the  lungs.  A modi- 
fication of  the  circulation  then  becomes  necessary,  to  connect 
it  with,  and  adapt  it  to  the  newly- employed  respiratory  organs: 
the  allantoid  or  placental  circulations  become  arrested ; the 
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allantois  is  -(vithered,  and  the  placenta  is  first  detached  from 
the  maternal  system,  and  afterwards  from  the  young  animal, 
near  the  umbilicus  or  navel.  From  the  umbilicus  inwards, 
the  umbilical  vein  shrinks  on  its  coagulated  contents,  as  far  as 
the  portal  vein,  and  forms  the  future  round  ligament  of  the 
liver.  From  the  portal  vein  to  the  inferior  vena  cava,  the 
venous  channel,  called  the  ductus  venosus,  likewise  contracts  on 
its  coagulated  blood,  and  is  then  obliterated,  remaining  only 
as  a fibrous  cord.  The  foramen  ovale  in  the  auricular  septum, 
becomes  completely  closed.  The  ductus  arteriosus,  connecting 
the  pulmonary  artery  with  the  arch  of  the  aorta,  the  primitive 
ductus  Botalli,  also  contracts  on  its  coagulated  contents, 
and  is  soon  converted  into  a fibrous  cord ; whilst  the  right 
and  left  divisions  of  the  pulmonary  artery  leading  to  the  lungs, 
become  enlarged,  and  convey  a far  larger  quantity  of  blood  than 
before  ; the  pulmonary  veins,  which  bring  back  the  blood  from 
the  lungs  to  the  left  auricle,  are,  at  the  same  time,  propor- 
tionally enlarged.  Lastly,  the  portions  of  the  hypogastric  arteries 
which  pass  upwards  by  the  sides  of  the  bladder  and  urachus, 
to  issue  at  the  umbilicus  as  the  umbilical  arteries,  likewise 
shrink  and  become  obliterated.  By  these  changes,  which  are 
accomplished  Avithin  three  or  four  days,  the  circidation 
acquires  its  permanent  condition,  or  Avhat  is  called  the 
complete  double  circulation-,  the  venous  blood,  retmmed  from 
the  whole  body,  is  propelled  by  the  right  auricle,  exclusively 
into  the  right  ventricle,  and  from  thence,  through  the  pulmo- 
nary artery  and  its  right  and  left  branches,  entirely  into 
the  lungs.  From  these,  it  is  returned,  arterialised,  to  the  left 
auricle,  is  exclusively  delivered  into  the  left  ventricle,  and  is 
thence  propelled  through  the  ascending  and  descending  aorta 
and  their  branches,  on  to  every  part  of  the  body.  To  com- 
plete these  changes,  the  left  ventricle,  which  noAv  performs 
the  whole  work  of  the  systemic  circulation,  speedily  acquires 
a greater  thickness  of  its  walls  than  the  right  ventricle. 

DEVELOPMENT  OP  THE  TISSUES. 

Animal  and  Vegetable  Cells. 

Whilst  the  forms  and  relations  of  the  organs,  are  evolved  in 
the  manner  just  detailed,  their  component  tissues  are  under- 
going development.  These  tissues,  Avith  their  complex  struc- 
ture and  composition,  are  gradually  produced  from  simple,  and 
originally  identical,  anatomical  elements.  They  commence, 
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like  the  organs  which  they  build  up,  in  the  early  periods  of  the 
formation  of  the  embryo,  originating  directly  from,  or  through 
the  agency  of,  nucleated  cells  of  the  blastoderm,  held  toge- 
ther by  an  intermediate  matrix  or  blastema  (/jAfioroc,  blastos, 
a germ).  These  cells  are  themselves  the  internal  offspring 
of  the  contents  of  two  cells — the  germ  cell  and  the  sperm  cell. 
The  former,  or  nidal  cell,  fertilised  by  the  latter,  produces  a 
brood  of  uniform  cells,  from  which,  by  further  multiplication 
and  differentiation,  all  the  tissues  ai-e  evolved.  These  two 
cells  are,  originally,  elementary  histological  parts  of  the  tissues 
of  parent  animals,  evolved  by  special  developmental  processes. 

It  is  supposed  by  Schleideu,  Schwann,  and  their  followers, 
that  all  organised  tissues,  whether  animal  or  vegetable,  are 
produced  directly  from  cells  ; but,  though  this  is  proved  con- 
cerning the  vegetable  tissues,  there  are  certain  animal  struc- 
tures, which,  it  would  seem,  are  not  formed  out  of  such  cells 
themselves,  bttt  are  developed,  for  example,  from  the  inter- 
cellular matrix  or  substance.  Hence  the  so-called  cell  theory 
is  regarded,  by  many,  as  exploded,  so  far  as  animal  organisms 
are  concerned.  But  if  the  definition  of  the  term  cell,  be 
extended,  these  discrepancies  of  view,  may  be  generally  re- 
conciled. 

In  a perfect  vegetable  cell,  figs.  46,  47,  as  seen  detached  in  the  vesicle 
of  a microscopic  fnngus,  or  aggregated  in  the  section  of  an  onion,  there 
is  found,  a wall  orperqjlast  always  composed  of  cellulose  or  lignin,  with  a 
contained  protoplasm  or  endophist,  the  outer  part  of  which  is  often  firmer 
than  the  interior,  and  is  named  the  primordial  utricle ; in  the  endoplast, 
is  a nucleus,  and  in  that,  often,  a nucleolus-,  around  the  nucleus,  is  col- 
lected a soft,  granular,  germinal  matter.  In  becoming  altered,  so  as  to 
constitute  a vegetable  tissue,  these  cells  enlarge,  change  their  shape,  the 
nature  of  their  walls  or  contents,  and  their  connections  or  modes  of 
junction,  forming  flat  polygonal  cells,  polyhedral  cells,  elongated,  fusi- 
form, tubular,  or  reticular  tubular  tissue,  plain,  dotted,  or  spiral  ducts, 
woody  fibre,  spores,  zoosperms,  pollen,  or  ovules.  The  intercellular 
substance  is  always  scanty.  For  the  formation  of  the  tissue  of  a growing 
plant,  such  cells  must  also  multiply ; and  this  is  effected  by  division  ef 
the  cells,  or  by  the  formation  of  buds,  or  offshoots,  which  is  much  the 
same  process,  and  resembles  the  fission  or  gemmation  of  nou-sexual 
reproduction  ; but  they  can  also  multiply,  as  in  the  spore  cases  of  fungi, 
by  internal  or  endogenous  formation,  which  more  resembles  the  sexual 
mode  of  reproduction.  In  the  vegetable  cell,  the  essential  punctum  or 
point,  the  centre  of  nutritive  or  developing  force,  is  the  nucleus,  or  the 
nucleolus.  It  is  this  which  appears  to  attract  materials  for  the  forma- 
tion of  the  germinal  matter  around  it,  for  the  maintenance  of  the 
endoplast,  and  for  the  deposition  of  the  periplast. 

Ill  animal  cells,  far  greater  variety  of  form  and  plasticity 


ANIMAL  CELLS. 


643 


of  function,  are  observed.  When  in  their  most  complete  con- 
dition, as  in  the  ovum,  they  consist,  like  a vegetable  cell,  of  a 
cell  wall  or  envelope,  the  j^ei'iplast,  of  fluid  or  semifluid  contents, 
the  endoplast,  of  a nucleus^  and  usually  of  one,  two,  or  more 
nucleoli.  The  cell  wall  is  a thin,  delicate,  homogeneous,  trans- 
parent membrane ; but  this  is  absent  in  many  cells,  such  as 
ihe  primary  embryonic  cells,  and  the  white  corpuscles  of  the 
blood,  lymph,  and  chyle.  The  outer  part  of  the  endoplast,  is 
said  sometimes  to  be  firmer  than  the  rest,  and  to  constitute  a 
special  investment,  like  the  primordial  utricle  of  the  vege- 
table cell  (Huxley).  In  less  perfect  cells,  there  is  often  merely 
found  a nucleus  enveloped  in  a soft  granular  mass,  as  in  the 
fusiform,  unstriped  muscle  cell.  The  perfect  cells  may  be 
called  cystoplasts  ; the  imperfect  cells,  gymnoplasts.  The  cell 
contents  of  the  former,  or  the  cell  substance  of  the  latter,  pre- 
sent, in  certain  cases,  as  in  the  primitive  embryonic  cells  and 
in  all  newly-formed  cells,  besides  fat  particles,  a peculiar  semi- 
fluid, transparent,  tenacioiis,  albuminoid  substance,  called  the 
protoplasm,  which  contains  very  minute  molecules,  and  oleoid, 
and  often  amyloid  matter.  This  protoplasm  frequently  presents 
movements,  seen  also  in  vegetable  cells,  which  may  depend  on  a 
contractility  in  the  protoplasm,  for  it  has  been  observed  to  be 
excited  by  electrical  currents  (vol.  i.  p.  182).  This  proto- 
plasm usually  diminishes,  becomes  altered,  or  disappears  as 
the  cell  grows ; but  sometimes  it  is  retained  during  its  whole 
existence.  It  is  very  easily  coloured  by  carmine,  and  is  thus 
made  evident  in  microscopic  investigations.  The  soft  substance 
which  gathers  especially  around  the  nucleus,  corresponds  with 
the  germinal  matter  of  Beale,  which  he  regards  as  X\\e  formative 
matter  of  the  cell,  as  distinguished  from  the  special  contents,  or 
investments,  which  he  names  formed  matter.  The  nucleus  is 
a vesicular  body,  which,  in  a growing  cell,  is  round  or  oval ; 
its  nucleolus  is  also,  by  some,  said  to  be  vesicular,  but  it  may 
be,  for  a time  at  least,  solid.  These  two  structures  are  the 
essential  parts,  the  essential  puncta  of  the  cell,  the  so-called 
germinal  centres,  or  centres  of  cell-nutrition  and  cell-life. 

It  is  supposed  by  Schwann,  that  an  animal  cell  may  arise  in 
the  soft,  clear  substance  known  as  hlastema,  a sort  germinal 
matter ; that  in  this,  by  the  development  and  collection  of  a 
number  of  minute  molecules,  a nucleus,  called  by  him  a cyto- 
hlast,  is  formed  ; and,  lastly,  that  upon  this,  a fine  membrane 
grows,  and  gradually  separating  itself  from  the  nucleus,  forms 
the  cell  wall,  with  its  intermediate  cell  contents.  This  mode 
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of  origin  is  also  supposed  by  Schwann,  to  be  the  one  by  which 
new  cells  continue  to  be  formed  during  the  whole  of  life ; but 
it  is  more  commonly  believed,  that  the  nuclei  of  new  cells, 
proceed  from  the  division  or  multiplication  of  pre-existing 
cells,  and  that  aU  are  the  direct  descendants  of  those  originally 
formed  in  the  ovum.  The  hypothesis  of  the  free  formation  of 
cells,  is,  as  regards  tissue  life,  the  analogue  of  spontaneous 
generation,  as  regards  animals  themselves. 

The  formation  of  new  animal  cells  from  pre-existing  cells, 
may  take  place  in  several  Avays.  Thus  the  old  or  parent  cell 
may  divide  into  tAvo  cells ; in  this  case,  the  nucleus  first  sepa- 
rates into  tAvo,  and  the  cell  itself  then  presents  an  indentation 
across  its  centre,  Avhich,  gradually  increasing,  divides  it  into 
tAvo  cells,  each  containing  its  proper  nucleus ; or  sometimes 
the  nucleus,  instead  of  dividing  into  two,  may  divide  into 
three,  four,  or,  as  has  been  noticed  in  the  embryo  of  the  frog, 
even  into  six  nuclei,  the  cell  itself  then  separating  into  a cor- 
responding number  of  cells.  This  has  been  named  the  fissi- 
parous  mode  of  development.  In  the  so-called  gemmiparovs 
development,  neAv  cells  are  described  as  being  formed  by  the 
evolution,  and  subsequent  detachment,  of  buds  from  the  side  of 
a cell.  Instances  occur,  as  in  the  soft  medullary  tissue  in  the 
interior  of  bones,  and  also,  it  is  said,  in  the  spleen,  of  the  for- 
mation, by  repeated  subdivision,  of  many  nuclei  in  the  interior 
of  a single  parent  cell.  In  bone,  these  multiple  nuclei  of  the 
cells,  remain  as  nuclei ; but  in  the  spleen,  they  may  develop 
into  an  ordinary  nucleated  cell.  Free  nuclei  are  those  wliich 
are  found  in  a blastema  or  matrix,  in  very  actively  groAving 
parts,  or  in  morbid  neAV  groAA^ths;  they  originate  from,  or  b)' 
the  influence  of,  the  old  or  pre-existing  nuclei  of  the  surromid- 
ing  tissues,  themselves  the  progeny  of  still  anterior  cells. 
They  may  appear  to  be  evolved,  in  some  Avay,  from  aggrega- 
tions of  protoplasm,  but^till,  it  is  submitted,  always  under  the 
influence  of  preformed  nuclei  or  nucleoli.  In  the  so-called 
exogenous  deA'elopment,  ruptiue  of  the  wall  of  the  old  cell 
occurs,  the  nuclei  escape,  and  a new  cell  is  developed  from 
each  (Bennett).  The  endogenous  mode  of  formation  consists 
in  an  increase  in  size  of  the  old  cell,  a cleaA-age  of  the  nucleus 
into  tAvo,  and  the  development  of  tAvo  cells  Avithin  the  original 
cell  AAmll. 

Animal  cells  undergo  various  changes  in  size  and  form 
(fig.  122).  Their  nuclei,  for  example,  may  increase  in  size  and 
alter  in  shape,  but  not  to  such  an  extent  as  the  cells  them- 
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selves ; in  many  cells,  they  become  obscure ; and  in  some 
cells,  as  in  those  of  elastic  tissue,  they  finally  disappear. 
Their  envelopes  may  expand  and  burst,  or  they  may  shrivel 
up  and  dry.  The  cells  may  dissolve  and  disappear,  or  become 

Kg.  122. 


bedded  in  a solid  matrix  of  cartilage,  d,  cells  of  areolar  connective  tissue, 
showing  their  splitting  into  llbrilloe.  e,  elastic  fibre  cells,  f,  ramified 
pigment  cell,  g,  muscular  fibres.  7i,  capillary  vessel. 

the  seat  of  special  deposits.  Sometimes  the  substance  of  a cell 
tmdergoes  but  little  apparent  change ; but  itsually,  their  con- 
tents are  modified  according  to  the  tissue  which  they  form,  or 
the  secretion  which  they  prepare,  a,  h.  Thus,  some  cells,  as 
those  of  bone,  dentine,  and  enamel,  become  loaded  with  earthy 
matter ; others,  as  the  red  corpuscles,  with  iron  in  combination, 
and  colouring  substance ; others,  as  those  of  adipose  tissue, 
with  fat ; some  with  mucus  or  horny  matter.  Their  relations 
to  each  other,  may  undergo  many  modifications.  In  the  fluids 
of  the  body,  as,  e.g.  the  blood,  the  cells  remain  separate.  In 
the  solid  tissues,  they  may  be  simply  connected  together  by  a 
minute  quantity  of  intercellular  substance,  as  in  the  epithe- 
lium and  epidermis.  Sometimes  they  elongate,  and  form  fibres 
in  various  ways,  d ; or,  after  lengthening,  they  may  subsequently 
join  witir  similar  cells,  and  give  rise  to  the  formation  of 
tubes.  The  septa  between  these  may  be  absorbed,  and  the 
coalesced  and  arborescent  branches  of  different  hollowed  cells, 
may  lead  to  the  production  of  capillary,  7i,  or  lymphatic  plexuses. 
Moreover,  animal  cells  seem  to  exercise  a singular  power  over 
the  intercellular  substance,  blastema  or  matrix,  which  often 
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appears  very  large  in  quantity,  in  proportion  to  the  cells  them- 
selves, as,  for  example,  in  cartilage,  c.  This  matrix  may  be 
watery,  soft  and  gelatinous,  firmer  and  tenacious,  still  more 
solid  and  hyaline,  or  hard  and  opaque.  It  presents  great 
varieties  in  chemical  composition.  It  may  be  structureless, 
striated,  fibrillated,  fibrous,  distinctly  granular,  or  organically 
crystalline.  Lastly,  cells  may  undergo  atrophy,  or  degenerate, 
become  the  seat  of  morbid  deposits,  especially  of  fat,  and  may 
finally  die. 

In  contrasting  the  animal  with  the  vegetable  cell,  it  may 
be  said  that  each  vegetable  cell,  always  a cystoplast,  retains 
its  own  cell  wall,  and  is,  in  a certain  sense,  independent  of 
the  rest.  The  intermediate  substance  is  either  absent  or  in- 
visible, or  it  takes  the  form  of  a separate  periplast  for  every 
cell.  Each  cell  is  encased  anatomically,  and  isolated  physio- 
logically. They  cohere  rather  than  co-operate. 

As  to  the  animal  cells,  they  are  sometimes  cystoplasts,  often 
gjmmoplasts.  The  presence  of  a separate  periplast,  is  not 
imiversal ; the  endoplast  probably  has  not  even  a primordial 
utricle;  the  outlying  region  of  the  cell,  is  not  specially  protected, 
but  the  intermediate  matrix,  which  may  be  a common  peri- 
plast, is  most  abundant,  and  often  curiously  specialised  in 
structure  and  composition.  The  cells  are  fused  together 
rather  than  coherent,  and  they  manifest  great  dependence  on 
each  other,  less  individual  isolation  of  function,  and  more 
marked  physiological  co-operation. 

Nevertheless,  both  animal  and  vegetable  cells  are  organic 
bodies,  living'  by  the  properties  operating  in  their  centres  of 
growth  and  nutrition,  the  nucleus  or  nucleolus.  The  vegetable 
cell  feeds  upon  inorganic  materials,  the  animal  cell  on  a pabu- 
lum of  organic  origin,  but  not  on  an  organised  pabulum. 
Organisation  only  exists  when,  under  the  influence  of  nuclear, 
nucleolar,  or  cell  action,  the  nutrient  pabulum  forms  part  of 
a living  cell  or  its  contents. 

Development  of  the  several  Tissues. 

Connective  Tissue,  and  its  varieties,  areolar,  fibrous,  and 
jelly-like. 

The  embryonal  connective  tissue  is  a jelly-like  substance,  consisting 
of  a transparent,  soft  amorphous  matrix,  in  which  numerous  nucleateil 
cell-elements  are  found.  According  to  one  view,  some  of  these  cells 
elongate  in  the  soft  matrix,  become  fusiform,  unite  into  long  wav}' bands, 
and  then  split  into  the  fibrillae  of  the  fibrous  or  areolar  forms  of  connective 
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tissue,  their  nuclei  being  ultimately  lost  sight  of.  According  to  another 
explanation,  the  elongated  cells  and  the  matrix,  blend  together  into  a 
homogeneous  mass,  which  then  becomes  fibrillated,  fig.  122,  <7.  In  any 
case,  the  nuclei  remain  as  connective  tissue  corpuscles.  In  many  situations, 
softish  and  nearly  homogeneous  tissues  are  met  with,  which  are  evidently 
modifications  or  arrested  developments  of  connective  tissue,  as  in  the 
coats  of  small  vessels,  in  the  soft  neurilemma  of  the  smallest  branches 
of  nerves,  in  the  submucous  coat  and  villi  of  the  small  intestine,  in  the 
papillae  of  the  skin,  and  elsewhere.  The  cornea  presents  a peculiar  form 
of  fibrous  connective  tissue  ; whilst  the  vitreous  humour  is  an  imper- 
fectly developed  areolar  tissue,  in  which  the  cells  have  gradually  dis- 
appeared, or  exist  only  at  the  surface,  whilst  the  matrix  has  become 
deliquescent.  The  soft  embryonal  connective  tissue  and  the  vitreous 
humour,  contain  no  gelatin,  but  merely  albumen  and  mucin.  The  chemical 
change  into  gelatin,  occurs  only  ulth  the  perfect  development  of  this 
tissue.  The  cornea  contains  chondrin  and  not  gelatin. 

Elastic  Tissue. 

In  the  development  of  this  tissue,  which  is  nearly  always  associated, 
or  intermixed,  with  the  connective,  some  of  the  cells  of  the  embryonal 
tissue  pass  through  the  changes  just  described  as  proper  to  connective 
tissue  cells,  whilst  others  subsequently  become  much  elongated  and  at- 
tenuated, branch  out  into  fine  ramifications,  which  unite  with  those  of 
adjacent  cells,  undergoing  similar  changes,  and  preserve  their  nuclei 
in  their  central  or  thickest  part.  Sometimes  these  nuclei  are  ramified, 
at  other  times,  they  are  fusiform.  In  many  situations,  as  in  fibrous 
membranes,  ligaments,  and  tendons,  in  the  true  skin,  in  the  cornea  of 
the  eye,  and  elsewhere,  these  ramified  and  united  cells  remain  in  the 
above  described  condition,  their  nuclei  forming  the  connective  tissue 
corpuscles.  It  has  been  said,  that  they  are  hollow,  and  that  their  fine 
ramifications  convey  a nutrient  plasma  tlu-ough  the  dense  fibrous  tissues 
in  which  they  lie,  and  hence  these  have  also  been  called  plasm-cells. 
Lastly,  they  have  been  said  to  form  the  commencements  of  the  lym- 
phatics ; but  this  is  not  proved.  According  to  some,  the  intercellular 
substance  becomes  fibrillated,  and  appears  to  be  a sort  of  deposit  from, 
or  an  excretion  upon,  the  nuclei  or  cells. 

In  other  situations,  as  in  the  loose  areolar  connective  tissue,  these 
fine  fibres  appear  darker,  and  form  networks  of  elastic  fibred.  These 
reticular  fibres,  becoming  thickened  by  a deposit  on  their  outer  surface, 
form  the  stronger  varieties  of  elastic  tissue ; by  being  joined  or 
fui’ther  thickened  in  parallel  planes,  they  give  rise  to  the  elastic  fibrous 
networks  of  the  air-tubes,  or  to  flat  fenestrated  elastic  membranes,  as 
in  the  arteries.  The  true  elastic  fibres  are  said  to  lose  their  nuclei; 
but  they  may  be  merely  covered  in  and  hidden. 

Adipose  Tissue. 

The  vesicles  of  this  tissue,  however  small  or  large,  are  obviously 
nucleated  cells,  in  which  fatty  matter  has  accrimulated ; their  nuclei 
become  obscured,  or  even  disappear.  The  fat  cells  have  been  traced  in 
all  stages  of  development,  from  minute  cells  lying  in  the  embrj’onal  con- 
nective tissue,  at  first  containing  only  an  albuminous  fluid,  then  a few 
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scattered  oil-drops,  and  finally  attaining  tlieir  fully  distended  condition. 
Other  cells  adjacent  to  them,  become  changed  into  areolar  connectire 
tissue,  bloodvessels,  or  lymphatics,  which  hold  the  fat  cells  together,  and 
minister  to  their  nutrition.  Often,  when  the  fatty  matter  is  absorbed 
from  the  cells,  in  emaciation,  the  nuclei  again  become  visible.  In 
the  marrow  of  bones,  the  nucleated  cell  structure  is  very  clearly  and 
beautifully  seen.  The  reddish  parts  of  the  marrow,  also  contain  smaller 
cells,  and  often  compound  nuclear  cells,  not  fatty,  called  the  medullary 
cells  ; these  are  very  numerous  in  growing  bone. 

Cartilage,  Fibro-Cartilage,  and  Yellow  Cartilage. 

The  development  of  cartilage,  is  more  easily  traceable  than  that  of  any 
other  tissue,  from  nucleated  cells  which  are  the  immediate  descendants 
of  the  primitive  embryonal  cells.  In  the  simplest  form  of  cartilage,  as 
in  the  chorda  dorsalis,  and  in  certain  other  embryonal  cartilages,  the  cells 
have  very  delicate  walls,  which  are  closel}’  applied  together,  grow  into  a 
polyhedral  shape,  and  present  at  first  no  appreciable  intermediate  matrix. 
More  commonly,  as  in  the  cai’tilaginous  pieces  which  precede  the  for- 
mation of  the'  bones,  and  in  articular  cartilage,  the  original  delicate  cell- 
walls  acquire  an  outer  deposit  or  secondary  cell-wall,  which  goes  on 
thickening,  blends  with  that  of  other  cells,  and  also  with  a surround- 
ing intermediate  matrix.  This  is  partly  formed  by  the  secondary 
membranes,  but  partly,  it  is  said,  in  the  blastema  between  the  cells.  This 
matrix  either  remains  transparent,  or  becomes  granular,  or  even  more 
or  less  fibrillated.  The  cells  themselves  enlarge,  and  new  ones  arise 
within  them,  by  successive  endogenous  binary  subdivisions  of  the 
nucleus,  accompanied  by  corresponding  constrictions  of  the  cell  itself. 
Moreover,  secondary  capsules  are  formed  around  each  new  cell,  whilst 
the  capsule  of  the  parent  cell  is  fused  with  the  intercellular  matrix, 
and  so  disappears,  fig.  122,  c.  The  secondary  capsules  of  the  new  cells, 
in  their  turn,  blend  with  the  matrix,  and  cease  to  be  visible,  whilst  fresh 
formations  of  still  newer  cells,  arise  by  division  of  their  nuclei.  The 
matrix  thus  formed,  is  apparently  homogeneous,  but  exhibits  faint  striae 
on  the  application  of  reagents.  Sometimes  a nucleus,  instead  of  dividing, 
and  each  new  one  forming  a separate  capsule,  becomes  invested  by  a series 
of  concentric  capsules,  developed  one  within  the  other.  Sometimes  no 
secondary  capsules  are  formed,  the  primary  one  only  persisting.  The 
content^  of  the  growing  cells,  become  clearer,  and  the  nucleus  plainer. 
Amyloid  substance  has  been  found  in  young  cartilage  cells. 

In  /firo-cartilage,  the  intermediate  matrix,  mth  some  of  the  cells, 
becomes  changed  into  connective  tissue,  whilst  other  cells  remain  in  the 
form  of  cartilage  cells.  In  the  yellow  cartilages,  intermediate  elastic 
tissue  fibres  are  developed  between  the  cells,  the  rest  of  the  matrix 
preserving  its  cartilaginous  character. 

Osseous  Tissue,  and  the  Bones. 

The  mode  of  formation  of  perfect  bone,  is  exceedingly  complex.  It 
is  never  developed  directly,  but  by  the  intervention  either  of  cartilage, 
or  of  an  imperfectly  formed  fibrous  connective  tissue,  the  precursory 
tissues,  as  they  are  called,  in  which  ossification  takes  place. 

In  the  intra-cartUaginous  mode  of  origin  of  bone,  the  cartilage  cells 
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first  rapidly  multiply,  by  the  formation  of  new  cells  within  the  old  ones, 
giving  rise  to  clusters  of  softisli  nucleated  cells  in  a clear  matrix.  In 
a long  bone,  these  cells  are  largest  in  the  centre,  and  have  their  long 
diameter  across  the  axis  of  the  bone ; as  they  grow,  the  matrix  usually 
becomes  faintly  fibrillated.  Wherever  ossification  is  about  to  begin, 
there  appear  in  the  cartilage-substance,  certain  soft  ramified  spots, 
which  consist  of  masses  of  smaller  nucleated  cells,  out  of  which  the 
bloodvessels  and  blood  are  formed,  these  ramified  soft  spots  coa- 
lescing, form  canals,  whilst  the  contained  bloodvessels,  establishing 
commimications  with  previously  existing  ones,  supply  blood  to  the 
cartilage  about  to  undergo  ossification.  The  cartilage  cells  are  first 
grouped  into  elongated  clusters,  separated  by  a clear  matrix  ; a deposi- 
tion of  earthy  matter  then  takes  place  in  this  matrix  between  the  cells, 
in  the  form  of  opaque  granules,  by  which  process,  the  matrix  becomes 
darker  by  transmitted  light,  and  is  soon  calcified.  This  calcifying 
process  partially  affects  the  outer  walls  or  secondary  membranes  of  the 
cells,  but  not  their  contents. 

The  cartilage  which  is  thus  changed  into  bone,  is  called  cartilage 
of  ossification,  ossifying  cartilage,  or  precursory  cartilage.  The  bony 
tissue  into  which  it  is  converted,  is  called  the  primary  hone ; for  it  is  no 
sooner  formed  than,  as  a general  rule,  it  begins  to  be  tlie  seat  of  further 
important  changes,  during  which  it  is  almost  entirely,  or  entirely,  ab- 
sorbed, to  make  way  for  the  development  of  the  secondary  hone,  or  per- 
fect osseous  tissue.  This  last  alone  possesses  lacunse  and  canaliculi, 
concentric  laminae,  Haversian  canals,  and  their  contained  bloodvessels, 
eancelli,  and  in  the  case  of  the  long  bones,  a central  medullary  cavity, 
with  its  vascular  and  medullary  contents. 

The  change  is  thus  accomplished.  The  primary  bone  is  comparatively 
compact  and  opaque.  In  it,  softer  spots,  or  areoloe,  appear,  the  second- 
ary cavities,  or  medidlctry  spaces  (Muller),  quite  distinct  from  the  ramified 
vascular  canals  in  the  precursory  cartilage.  These  spaces  appear  to  be 
formed  by  the  jxmction  of  the  adjacent  clusters  of  cartilage  cells,  now 
disappearing,  in  consequence  of  tlie  solution  and  absorption  of  the  in- 
termediate, dark,  granular  and  calcified  matrix.  These  areohe  contain, 
at  first,  a softish  ossifying  blastema,  in  which  there  very  soon  appear 
certain  fresh  nucleated  cells,  smaller  than  cartilage  cells,  and  resembling 
medullary  cells  ; besides  these,  there  are  developed,  an  imperfectly  formed 
fibrous  connective  tissue  and,  likewise,  many  newly  evolved  bloodvessels. 
The  adjacent  areolae  being  opened  into  each  other,  by  the  progressive 
absorption  of  the  primary  bone,  their  vessels  become  connected ; and  in 
their  thinned  walls,  the  secondary  or  perfect  bone  is  deposited,  in  suc- 
cessive layers,  by  the  transformation  of  corresponding  strata  of  the  soft 
ossifying  blastema  and  its  contained  cells.  Hence  the  explanation  of 
the  concentric  laminje  of  the  perfect  bone.  The  indistinctly  fibrous 
matrix  of  the  ossifying  blastema,  also  becomes  saturated  with  coalescing 
osseous  granules,  so  as  to  appear  perfectly  transparent  and  homogeneous, 
instead  of  opaque  and  granular,  like  the  primary  bone.  The  entangled 
nucleated  cells,  the  walls  of  which  also  become  calcified,  are  believed  to  be 
converted  into  stellate  cavities,  by  the  partial  intrusion  of  the  calcifying 
process  into  them,  and  so  to  form  the  greater  part  of,  or  all,  the  bone 
lacuncB,  whilst  their  radiating  branches,  multiplying,  become  very  fine, 
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and  joining  those  of  adjacent  cells,  form  the  canaliculi.  The  primary 
opaque  granular  hone  contains  no  lacunae.  Some  of  the  areolae,  or  spots 
of  solution,  absorption,  and  new  deposit,  reduced  in  size  by  the  succes- 
sive formation  of  concentric  laminae  of  secondary  bone  around  them, 
ultimately  constitute  certain  of  the  Haversian  canals;  whilst  others, 
even  after  they  are  lined  by  .secondary  bone,  continue  to  widen  by 
further  solution  and  absorption  of  the  surrounding  bone,  whether  pri- 
mary or  secondary,  and  so  form  the  larger  nutrient  foramina  and  canals, 
the  small  and  large  cancelli,  and  even  the  chief  medullary  cavity  of 
a long  bone.  Indeed,  so  long  as  the  bones  themselves  continue  to 
grow,  and  even,  but  less  evidently,  throughout  life,  such  processes  of  solu- 
tion, absorption  and  re-deposit  are  repeated,  in  the  secondary  bone,  over 
and  over  again,  as  it  is  modified,  by  age,  in  size,  form,  and  structure. 

In  the  intra-memhranous  mode  of  origin  of  bone,  there  first  appears, 
in  connection  with  some  previously  developed  fibrous  membrane  or  pre- 
cursory membrane,  which  afterwards  forms  the  fibrous  periosteum,  a soft 
matrix,  or  blastema,  which  contains  largish  nucleated  granular  corpuscles, 
and  soon  puts  on  an  indistinctly  fibrous  aspect ; it  resembles,  indeed,  imper- 
fectly developed  fibrous  connective  tissue.  This  fibrous  matrix  and  the 
walls  of  its  included  cells,  become  opaque  by  granular  calcification.  This 
oecui'ring  in  successive  strata,  forms  the  bone  tissue ; whilst  the  cavities 
of  the  cells,  becoming  stellate,  with  fine  radiating  and  communicating 
branches,  constitute  the  lacunm  and  canaliculi.  This  process  of  calcifica- 
tion occurs  from  the  first,  in  a reticular  manner.  The  fine  spicula  of  the 
network,  increase  in  thickness,  by  the  formation  around  them,  of  a soft- 
transparent  osteogenic  substance  (3Iiiller),  which  ultimately  becomes 
bone.  The  granular  corpuscles,  or  osteoblasts,  are  embedded  in  the 
new-formed  bone.  The  interspaces,  meshes,  or  areolae,  form  softer  spots, 
the  constituent  cells  of  which  develop  into  blood-cells,  bloodvessels, 
and  areolar  tissue,  and,  after  changes  in  their  parietes,  such  as  those 
already  described  in  speaking  of  the  secondary  bone  tissue  of  bones 
preceded  by  precursory  cartilage  and  primary  bone,  constitute  the 
canals  of  Havers,  the  larger  vascular  foramina  and  canals,  and  the 
cancelli  of  the  cancellated  bony  tissue. 

Although,  therefore,  the  intra-cartilaginous  and  intra-membranous 
modes  of  formation  of  bone,  differ  from  each  other,  the  development  of 
the  secondai’3'  bone  which  goes  on,  pari  passu,  with  the  absorption  of  the 
primary  cartilage-formed  bone,  is  analogous  to  the  intra-membranous 
mode  of  ossification.  The  soft  ossifying  blastema,  in  the  one  ease,  and 
the  precursory  membrane  in  the  other,  alike  resemble  an  imperfectly 
formed  fibrous  connective  tissue,  and  undergo  similar  changes.  Che- 
mical considerations  also  support  this  analogy,  for,  on  removing  the 
earthy  matter  from  jirimary  bone,  its  organic  substance  yields  chondrin, 
whilst  the  animal  basis  of  the  secondary  bone,  and  of  the  intra-mem- 
branous-formed  bone,  gives  gelatin  on  being  boiled. 

The  intra-membranous  mode  of  ossification,  is  solely  concerned  in  the 
formation  of  the  bones  of  the  face,  and  of  those  of  the  upper  part  and 
sides  of  the  cranium.  The  upper  and  lower  jaw  bones,  the  palate  bones 
and  vomer,  the  malar,  nasal  and  lachrymal  bones,  are  included  in  this 
category  ; so  also  are  the  frontals  and  parietals,  the  squamous  part  of 
the  temporals,  the  part  of  the  occipital  above  the  occipital  eminence, 
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and  certain  slight  portions  of  the  sphenoid.  In  the  ease  of  some  of 
the  cranial  bones  thus  formed,  the  precursory  membrane  is  developed 
outside  a corresponding  primordial  cartilage,  which  is  said  to  be  after- 
wards absorbed.  The  cranial  bones  begin  by  one  or  more  flat  radiat- 
ing centres  of  ossification,  which  spread  out  as  the  membrane  advances, 
and  go  on  increasing  in  thickness,  until,  at  length,  they  meet  at  the  dif- 
ferent sutures  ; after  this,  they  still  continue  to  grow  at  their  edges,  imtil 
the  cranium  has  reached  its  full  size — an  arrangement  needed  to  suit 
the  rapid  growth  of  the  brain.  The  clavicle  is  likewise  in  part  formed 
from  membrane,  but  afterwards  in  cartilage  also. 

The  intra-cartilaginous  mode  of  formation  of  bone,  occurs  in  the  basal 
portions  of  the  cranium,  viz.  in  the  ethmoid,  in  nearly  the  whole  of  the 
sphenoid,  in  the  petrous  and  mastoid  parts  of  the  temporals,  and  in  the 
occipital  bone  below  the  occipital  eminence.  It  also  occurs  in  all  the 
rest  of  the  skeleton,  excepting  only  the  clavicles.  For  each  bone  there 
is  developed  a separate  precursory  cartilage,  which  is  enclosed  in  a definite 
perichondrium,  and  is  at  first  small  and  rudimentary  in  form,  but  gra- 
dually acquires,  as  it  grows,  the  general  shape  of  the  bone  which  is  to 
be  developed  from  it.  Practically,  therefore,  the  skeleton  is,  at  first,  and 
for  a long  time,  more  or  less  cartilaginous. 

Certain  centres  of  ossification,  one,  two,  three,  or  even  more,  accor- 
ding to  the  size  and  form  of  the  futiu’e  bone,  appear  at  definite  spots  in 
the  cartilage,  and  extend  into  it  as  the  latter  increases  in  size.  The 
cartilage  continues  to  grow  in  the  direction  of  the  articular  siu-faees  of 
the  joints,  and  also  in  that  of  the  various  processes,  until  the  develop- 
ment of  the  bone  is  complete.  The  bony  tissue  also  goes  on  growing  in 
the  same  direction,  by  the  successive  formation  of  the  primary  and 
secondary  osseous  tissue.  Butin  other  directions,  and  especially  towards 
the  sides  of  the  bones,  the  precursory  cartilages,  sooner  or  later,  cease  to 
grow,  and  then  the  further  increase  in  such  directions,  is  accomplished 
by  intra-membranous  ossification  beneath  the  soft  and  growing  peri- 
osteum. 

Suppose  in  a long  bone,  for  example,  a single  ossific  centre  to  form  in 
the  middle  of  the  precursory  cartilaginous  shaft,  as,  indeed,  is  always  the 
case.  Then,  separate  ossific  centres  subsequently  appear  at  the  ends, 
constituting  what  are  termed  epiphyses  (ctti  epi,  and  (pvw  phuo,  I grow), 
and  in  the  larger  bones,  other  smaller  pieces  are  developed  at  the  apices 
of  the  more  remarkable  projections  or  processes.  The  precursory  car- 
tilage of  the  bone,  at  last,  ceases  to  grow  in  width,  and,  henceforth,  the 
shaft  of  the  growing  bone  is  steadily  increased  in  diameter,  by  successive 
subperiosteal  intra-membranous  deposits  on  its  outer  surface.  At  the 
same  time,  the  medullary  cavity  is  formed  by  a continuous  absorption 
going  on  within.  A platinum  wire,  placed  around  the  growing  humerus 
or  femur  of  a young  pigeon,  is  found,  after  a time,  enclosed  in  the  sub- 
stance of  the  Ijone,  or,  if  examined  a little  later,  in  the  hollow  of  the 
bone  itself.  But  the  precursory  cartilage  continues  to  grow  in  length 
long  after,  and  the  bony  shaft,  and  the  epiphyses  developed  at  the  ends, 
ultimately  meet,  but  do  not  coalesce  by  osseous  tissue,  until  the  full 
length  of  the  bone  has  been  attained.  This  is  evidently  a provision  for 
securing  a progressive  elongation  of  the  bone  diu’ing  many  years,  toge- 
ther with  a proper  development  of  the  articular  ends  of  the  bones,  all 
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that  time.  At  the  ends  of  the  hones,  very  thin  layers  of  the  precursory 
cartilage,  remain  permanently  unossified,  and  form  the  articular  cartilages 
of  the  joints.  Immediately  beneath  this  articular  cartilage,  is  a thin 
stratum  of  ossified  cartilage  or  primary  bone,  recognisable  by  being 
smoother  and  more  compact  than  the  rest.  This  is  the  only  part  of  the 
primary  bone  which  is  permanent.  The  rest  of  this,  and,  indeed,  the 
earliest  formed,  and  many  succeeding  portions  of  the  secondary  bone, 
and  also  the  subperiosteal  intra-membranous  bone,  must  be  completely 
absorbed,  before  any  long  bone  has  completed  its  growth  ; for  the  young 
bone  would  easily  lie  in  what  becomes,  by  continuous  absorption,  the 
medullary  cavity  of  the  full-grown  bone.  The  mode  of  increase  in  long 
bones,  is  well  shown  by  giving,  at  stated  intervals,  to  young  pigs  or  other 
animals,  madder  mixed  with  the  food.  The  colouring  matter  of  this 
root,  has  an  affinity  for  the  salts  of  lime,  and  when  it  is  being  taken  in 
the  food,  the  bone  then  formed  has  a reddish  tinge,  whilst  the  bone 
deposited  at  other  times,  is  yellowish  white.  By  this  means,  it  is  proved 
that  successive  additions  are  made  at  the  surface  and  ends  of  the  grow- 
ing bone,  and  that  absorption  of  the  bone  is  continually  taking  place  in 
its  interior.  Again,  the  distance  between  two  holes  made,  one  above  the 
other,  in  a young  bone,  is  not  increased  b}^  its  subsequent  growth  (Hales, 
Hunter,  Duhamel) ; whereas  a ring  of  wire  placed  closely  around  a 
growing  bone,  is  soon  found  to  be  embedded  in  its  substance,  and  at 
later  periods,  even  in  the  medullary  cavity  (Dultamel  and  others). 

Most  of  the  smaller  bones  have  but  one  ossific  centre.  In  the  large 
hip-bones,  three  primary  ossific  centres  are  formed,  one  each  for  the  ilium, 
ischium,  and  os  pubis  ; these  grow  and  finally  coalesce  around,  and  at  the 
bottom  of,  the  acetabulum.  In  the  vertebrae  generally,  tliree  primary 
ossific  centres  appear,  and  then  join  around  the  vertebral  ring,  the  bone 
being  afterwards  completed  by  five  epiphyses.  In  both  these  instances, 
and  also  in  the  ease  of  the  occipital  foramen,  and  the  cranial  cavity,  the 
arrangement  described,  facilitates  the  expansion  of  the  cavity  or  canal, 
around  which  the  bones  are  destined  to  grow.  The  sternum  is  formed  by 
the  coalescence  of  many  pieces.  The  cartilages  of  the  ribs,  and  of  the 
nose,  are  the  unossified  parts  of  the  precursoiy  costal  and  nasal  carti- 
lages. Sometimes  the  number  of  ossific  centres,  has  reference  to  the 
homological  relations  of  the  bone. 

The  order  in  which  the  ossific  process  begins  in  the  various  bones  of 
the  skeleton,  is  very  singular,  not  always  coinciding  with  that  in  which 
the  cartilaginous  rudiments  of  the  bones  appear.  The  clavicles  are  the  first 
bones  to  show  ossific  centres,  and  then  the  lower  jaw,  which  has  one  in 
each  lateral  half.  Next  in  order,  are  the  vertebrte,  the  humerus,  thefemur, 
the  ribs,  and  the  lower  and  larger  portion  of  the  occipital  bone.  Then, 
the  upper  jaw  bones,  the  frontal  bone,  the  scapula,  the  radius,  and  ulna, 
and  the  tibia  and  fibula.  After  that,  most  of  the  other  cranial  and  facial 
bones  ; the  iliac  bones,  the  metacarpus,  the  metatarsus,  and  the  pha- 
langes of  the  fingers  and  toes  ; the  ethmoid,  and  turbinated  bones,  the 
sternum,  the  ischium  and  the  os  pubis  ; the  os  calcis,  and  another  of  the 
tarsal  bones,  named  the  astragalus,  and  then  the  hyoid  bone.  -At  birth, 
and  for  some  time  afterwards,  all  the  carpal  bones,  the  five  smaller  tarsid 
bones,  the  last  pieces  of  the  coccyx,  the  patella,  and  the  sesamoid  bones, 
are  stiU  entirely  cartilaginous,  having  no  ossific  centres  in  them.  By 
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the  end  of  the  fifth  year,  all  these,  except  the  scaphoid,  trapezoid, 
and  pisiform  carpal  hones,  are  ossifying,  the  last-named  hone  not  show- 
ing any  ossific  deposit  until  the  twelfth  j’ear.  The  various  epiphyses  of 
the  long  and  other  hones,  are  not  all  finally  joined  by  osseous  union  to 
their  respective  shafts  or  chief  masses,  until  after  the  completion  of  the 
full  period  of  growth  of  the  body,  or  about  the  twentieth  or  twenty -first 
year. 

The  Vertebrate  Skeleton  generally. — In  examining  the  skeleton  of  the 
Vertebrate  series  of  animals,  progressive  stages  of  development,  from  a 
cartilaginous  to  a more  and  more  osseous  condition,  may  be  recognised. 
Low  in  the  scale,  as  in  the  amphioxus,  the  skeletal  framework  is  com- 
posed of  a hyaline  substance,  containing  nucleated  cells,  between  which 
are  very  fine  fibres.  In  tlie  Myxinoid  fishes,  it  is  composed  of  very 
distinct  fibres,  with  cartilage  cells  intermixed.  In  the  Chimsera,  it  con- 
sists, in  some  parts,  of  fibro-eartilage,  and,  in  others,  of  cartilage.  The 
vertebral  column  of  the  stiu’geon,  is  a mixture  of  cartilage,  fibro-eartilage, 
and  bone.  In  the  skates  and  sharks,  the  cartilaginous  skeleton  is 
covered  in  parts,  or  entirely,  with  a crust  of  ossific  matter.  In  the 
Lopliius,  the  bones  are  fibrous  and  osseous.  Lastly,  in  the  so-called 
Osseous  Fishes,  the  skeleton  is  entirely  bony. 

In  the  ossified  parts  of  the  skeleton  of  the  Cartilaginous  Fishes,  the  bony 
matter  consists  either  of  an  irregular  granular  deposit,  between  and  within 
the  cartilage  cells,  or  of  polyhedral  bone  cells,  or  of  ramified  bony  laminae. 
In  the  less  perfectly  formed  bone,  neither  lacunae,  canaliculi,  laminae, 
nor  Haversian  canals  exist.  In  the  more  complete  bone  of  the  Osseous 
Fishes,  those  elements  are  introduced  by  degrees.  The  Haversian  canals, 
in  some  cases,  appear  as  a few  long  channels,  from  which  simple 
canaliculi  are  given  off.  In  a still  higher  structure,  lacunae,  of  a 
peculiar  form,  are  introduced,  of  moderate  size,  tapering  form,  and 
sending  out  verj’  short  wide  canaliculi.  Frequently,  the  lacunae  of  difife- 
rent  layers  of  Fishes’  bone,  cross  each  other  at  acute  angles ; but  more 
commonly,  they  are  arranged  in  parallel  lines.  Sometimes  no  Haversian 
canals  exist ; but  usually  they  are  present,  though  small.  In  rare  in- 
stances, fine  concentric  lines  are  visible  around  these  canals,  representing 
rudimentary  laminae.  In  the  lepidosiren,  the  lacunae  are  very  large, 
and  the  canaliculi  much  branched ; they  tluvs  approach  the  characters 
of  bone  in  Amphibia. 

In  Amphibia,  the  skeleton  is  entirely  osseous  ; the  bony  tissue  pre- 
sents large  and  wide  lacunae,  very  complex  and  ramified  canaliculi, 
concentric  laminfe,  and  Haversian  canals.  In  a few  situations,  the 
lacunae  cross  each  other  at  acute  angles. 

In  the  Eeptiles,  and  also  in  Amphibia  and  Fishes,  the  bones  are  solid, 
or  contain  but  a few  recesses  filled  with  fat.  The  Haversian  canals  in 
EeptiUan  bone  are  small,  the  concentric  laminse  irregular  and  wavy,  the 
lacunffi  of  medium  size  and  shorter  than  in  the  Fish,  and  the  canaliculi 
very  fine.  Some  lacunae  cross  at  acute  angles,  as  in  crocodiles. 

In  Birds,  the  lacunae  are  smaller  than  in  Reptiles,  but  larger  than  in 
Mammalia.  In  the  latter  animals,  the  bony  structure  resembles  that  of 
Man. 
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Muscular  Tissue. 

The  fibres  of  both  the  smooth  and  the  striped  varieties  of  this  tissue, 
have  been  traced  in  their  development,  from  nucleated  cells,  derived  im- 
mediately from  the  embryonal  cells. 

In  the  case  of  the  smooth  fibres,  the  nucleated  cells,  at  first  roundish, 
become  elongated  and  fusiform;  their  cell  walls  and  their  contents  blend 
into  one  mass,  which  assumes,  by  degrees,  the  sarcous  character  ; in  the 
meantime,  the  nucleus  of  each  fusiform  cell,  becomes  much  elongated. 
Many  such  fusiform  cells  produce,  by  their  cohesion,  a smooth  mus- 
cular band. 

The  striped  muscMar  fibres  have  been  described,  by  some,  as  arising, 
each  from  the  coalescence  of  rows  of  nucleated  cells  (Schwann).  But 
by  other  and  more  recent  authorities,  they  are  regarded  as  being  each 
developed  by  the  extreme  growth  of  a single  cell  (Eemak,  Fox).  It  has 
also  been  maintained  that  they  originate  without  the  intervention  of  true 
cells,  through  the  agency  of  rows  of  nuclei,  lying  in  a blastema,  which 
afterwards  gives  rise  to  the  fibre,  by  a series  of  changes  occurring  in  it 
(Savory).  These  differences  of  opinion  are  probably  as  much  due  to  the 
different  interpretation  of  the  same  appearances  by  different  observers, 
as  to  differences  in  the  observations  themselves.  They  illustrate  the 
difficulties  of  microscopic  research.  If  the  primitive  animal  cell  which 
forms  a muscular  fibre,  be  regarded  as  a gj-mnoplast,  easily  fused  with 
its  neighbom-s,  the  discrepancy  of  opinion  may,  perhaps,  be  reconciled. 

Supposing  rows  of  nucleated  cells  to  coalesce,  to  form  a single  fibre,  it 
is  believed  that  the  coalescing  parts  of  the  cell  walls,  are  absorbed,  and 
that  thus  a long  tube  is  formed, which  ultimately  becomes  the  sarcolemma ; 
the  contents  of  the  united  cells,  at  first  finely  granular,  are  said  to  grow 
and  become  sarcous,  their  elements  arranging  themselves  into  linear  and 
transverse  series,  first  on  the  outer  surface  next  to  the  sarcolemma,  and 
then  more  centrally,  so  as  to  foi-m  the  transversely  marked  flbrillse.  In 
the  meantime,  as  the  cells  grow  in  length,  the  nuclei  separate  from  each 
other,  and  become  obscured,  but  are  never  lost.  If,  however,  only  one 
long  cell  forms  each  fibre,  the  wall  of  such  an  elongated  cell,  is  believed  to 
constitute  the  sarcolemma,  and  the  contents,  originally  granular,  are  said 
to  be  gradually  increased  and  differentiated  into  the  tibrillse,  first  becom- 
ing marked  by  longitudinal  lines,  and  afterwards  by  transverse  striae. 
The  nuclei  multiply  by  successive  subdivisions,  and  remain  surrounded 
by  granular  matter.  By  many,  it  is  thought  that  the  original  cell  wall,  or 
cell  walls,  do  not  form  the  sarcolemma,  but  that  this  is  the  result  of  a 
subsequent  deposit  of  homogeneous  membrane  aroimd  the  nearly  per- 
fectly formed  bundle  of  fibrillee. 

AVhatever  their  precise  mode  of  origin  may  be,  the  muscular  fibres  seem, 
when  first  recognisable,  like  very  fine  bands,  sometimes  not  more  than 
one-tenth  of  the  diameter  of  tlie  fully  formed  fibre,  and  having  bulging 
nuclei  in  them  at  intervals.  When  composed  of  such  fibres,  the  young 
muscles  resemble  their  tendons.  As  the  fibres  gradually  increase  in 
width,  they  assume  the  adult  characters,  and  become  uniform  in  diameter, 
so  that  the  nuclei  are  no  longer  so  easily  visible  (fig.  122,  g).  At  birth, 
all  the  muscles  are  said  already  to  contain  their  full  number  of  fibres,  so 
that  their  future  growth  consists  onlj-  in  an  increase  of  length  and  width 
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of  the  pre-existing  fibres.  At  birth,  the  fibres  are  about  one-fifth  of 
their  ultimate  dimensions.  The  fibrillae  of  each  fibre,  may  during  growth 
become  a little  wider  ; but  it  is  thought  rather  that  they  increase  in 
number.  In  other  words,  the  individual  sarcous  elements  retain  their 
size,  but  they  are  accumulated  in  a greater  number  of  longitudinal  rows. 
In  the  enlargement  of  the  muscles,  which  takes  place  from  exercise,  in 
all  probability  the  fibres  do  not  increase  in  number,  but  in  size,  and 
contain  either  more  or  larger  fibriUse.  In  the  opposite  condition  of  the 
wasting  of  a muscle,  the  fibres  remain  the  same  in  number,  but  become 
smaller,  owing  to  a diminution  of  their  contents  ; the  fibrillse  also 
decrease  in  number,  grow  indistinct,  or  even  disappear  altogether.  In  a 
wholly  paralysed,  unused,  or  diseased  muscle,  fatty  matter  is  substituted 
for  the  characteristic  sarcous  elements. 

It  is  obvious  that  such  striped  muscidar  fibres  as,  like  those  of  the 
heart,  are  but  indistinctly  striated,  may  be  regarded  as  less  perfectly 
developed  fibres.  Certain  of  the  smooth  fibres,  in  which  the  sarcous  ele- 
ments are  very  distinctly  granular,  or  dotted,  also  approach  in  character 
and  development,  to  the  higher  or  striated  form  of  fibre.  The  fusiform 
fibre  cells,  and  last  of  all,  the  elongated,  spindle-shaped,  oval,  or  round 
contractile  cells  of  the  heart  of  the  embryo,  are  the  lowest  form  of  all. 
There  is  thus  a gradual  transition  from  the  simplest  to  the  most  com- 
plex form  of  muscle  cells. 

In  the  case  of  the  ramified  form  of  the  striated  muscular  fibre,  noticed 
in  the  tongue,  lips,  and  face,  and  of  the  reticular  form  observed  in  the 
walls  of  the  adult  heart,  the  primitive  nucleated  cells,  out  of  which  they 
are  developed,  either  simply  ramify,  or  ramify  and  coalesce  with  the 
branches  of  other  cells,  and  then  acquire  their  sarcous  contents. 

Nervous  Tissue. 

The  ganglionic  cells,  fig.  122,  b,  are  derived  from  metamorphosed 
embryo-cells,  and  from  the  direct  descendants  of  those  cells,  by  ordinary 
modes  of  multiplication.  The  rounded  ganglionic  cells  are  formed  by  a 
simple  enlargement,  and  a gradual  alteration  of  their  contents ; the  nuclei 
persist,  and  are  very  distinct ; the  branched  cells  are  formed  by  the  out- 
growth of  one  or  more  of  the  peculiar  processes  with  which  they  are 
provided.  The  envelope  is  prolonged  on  to  the  processes,  and  becomes 
connected  with  the  homogeneous  tubules  of  the  nerve  fibres ; the  processes 
contain  nervous  substance.  The  very  small  rounded  cells,  and  the  free 
nuclei,  found  in  some  parts  of  the  grey  substance  of  the  nervous  centres, 
may  be  early  stages  of  future  ganglionic  cells. 

The  grey  or  gelatinous  fibres,  found  chiefly  in  the  sympathetic  system, 
whether  they  be  regarded  as  true  nervous  elements,  or  as  a peculiar  form 
of  connective  tissue  cells,  appear  to  be  produced  by  the  coalescence  of 
elongating  fusiform  nucleated  cells,  the  contents  of  which,  as  the  cells 
enlarge,  become  soft  and  finely  granular,  whilst  the  nuclei  appear 
wider  and  wider  apart.  Even  in  the  most  highly  developed  of  these 
fibres,  there  is  but  little  evidence  of  a tubular  character  or  wall.  The 
medullary  sheath  or  fatty  layer  is  absent.  They  have  been  compared, 
by  some  writers,  to  the  non-medullated  portions  of  the  white  nerve 
fibres,  or  to  the  axis  cylinder  or  central  band  only  of  those  fibres,  which, 
however,  have  a tubular  sheath.  The  most  perfect  grey  fibres  eer- 
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taiuly  resemEle  a transitory  condition  of  the  fibres  out  of  which  the 
white  or  tubular  nerve  fibres  are  developed. 

The  white  dark-bordered,  or  double  contoured  tuhular  fibres,  are 
themselves  derived  from  fusiform  nucleated  cells,  which  are  embryo 
cells,  or  their  descendants.  By  coalescing,  they  first  form  grey  granular 
fibres,  with  elongated  nuclei  at  intervals,  and,  in  that  stage,  resemble  the 
grey  or  gelatinous  fibres  of  the  sympathetic  system.  But  the  greyish  con- 
tents of  these  fibres,  soonbecome  opaque  and  white,  and  resolve  themselves 
into  the  central  albuminoid  band  or  axis  cylinder,  and  then  acquire  the 
surrounding  fatty  layer  or  medullary  sheath ; whilst  the  walls  of  the 
coalesced  cells,  are  said  to  unite,  to  form  the  outer  tuhular  membranous 
sheath  of  the  perfect  fibre.  Instead  of  imagining  many  cells  to  coalesce, 
a single  cell  may  be  supposed  to  go  on  dividing,  to  form  a nerve  fibre. 

The  branched  terminations  of  the  nerves,  according  to  what  has  been 
seen  in  the  tadpole,  originate  in  the  junction  of  ramified  formative  cells, 
which  keep  on  joining  those  already  further  developed. 

Sometimes  more  than  one  white  tubular  fibre  has  been  seen  forming 
in  a single  embryonic,  or  less  developed,  one — a fact  which  would  show 
that  the  tubular  membranous  sheath  might  be  developed  otherwise  than 
bj'  the  cell  walls  of  coalesced  formative  cells. 

Bloodvessels. 

The  arteries  and  veins,  excepting  the  very  finest,  are,  as  already  men- 
tioned, not  so  much  tissues  as  compound  structures,  built  up  of  several 
tissues.  They  are  developed  in  two  verj'  different  ways. 

In  the  first  place,  the  principal  vascular  trunks,  or  the  arteries  and  veins, 
of  the  germinal  membrane  of  the  embryo  generally,  and  of  its  commenc- 
ing organs,  and  indeed  the  heart  itself,  appear  primitively  as  solid  cords, 
composed  of  multitudes  of  embryonic  nucleated  cells.  After  a time, 
the  innermost  part  or  axis  of  these  cords,  becomes  changed  into  blood, 
the  soft  spaces  coalescing  and  forming  a system  of  canals  ; whilst  the 
outermost  cells  are  then  gradually  metamorphosed,  in  the  ordinary  man- 
ner. into  the  epithelial,  elastic,  muscular,  and  connective  tissues  which 
compose  the  coats  of  the  vessels.  This  mode  of  formation  is  apparently 
limited' to  the  early  and  principal  vessels;  for  subsequently,  the  arteries 
and  veins,  which  are  continuously  being  added,  as  the  body  grows,  are 
developed  in  another  manner — viz.  by  the  transformation  of  previously 
constructed  large-sized  capillaries,  the  calibre  of  which  is  increased, 
whilst  the  coats  are  gradually  thickened,  by  the  formation  of  additional 
tissues  developed  in  the  ordinary  way. 

The  capillary  vessels  originate  in  two  modes,  according  to  their  size. 
The  larger  capillaries  are  formed  by  the  coalescence  of  linear  series  of 
nucleated  cells,  and  the  subsequent  absorption  of  their  attached  ends,  so 
that  a homogeneous  tube  is  produced,  recently  shown  to  be  lined  with  a 
fusiform  epithelium,  the  nuclei  of  which  seem  to  be  attached  to  the  walls 
of  the  vessels.  These  soon  become  connected  with  previously  existing 
vessels,  and  the  blood  then  enters  them.  The  finer  vessels,  or  those  of 
the  actual  capillary  networks,  originate  in  nucleated  formative  cells, 
lying  amongst  the  elements  of  a newly  growing  tissue ; these  become 
ramified  or  stellate,  bj-  sending  out  fine  processes  or  branches,  which 
run  towards,  meet,  and  coalesce  with,  other  fine  pu’ocesses  growing  from 
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the  larger  capillaries  just  described  ; afterwards  they  coalesce  with  pro- 
cesses of  other  ramifying  cells  which  appear  in  succession.  These  coa- 
lesced processes  and  the  cells  themselves,  become  progressively  enlarged 
and  hollowed  orrt,  so  that  a tnhular  or  vascular  network  is  produced, 
the  component  vessels  of  which,  though,  at  first,  so  fine  as  to  convey 
only  the  liquor  sanguinis  or  plasma  of  the  blood,  become  ultimately 
wide  enough  to  cairy  the  blood  corpuscles  also  (fig.  122,  k).  New  ca- 
pillaries may  also  be  developed  within  the  meshes  formed  by  the  older 
ones.  The  walls  of  the  coalesced  ramified  cells,  constitute  the  homo- 
geneous membrane  of  the  coats  of  the  capillaries,  in  which  the  nuclei  of 
the  formative  cells,  and  especially  those  of  the  epithelial  lining  after- 
wards formed,  can  be  recognised.  The  more  numerous  and  closely  set 
the  stellate  formative  cells,  the  closer  is  the  capillary  network  developed 
from  them. 

Blood. 

This  important  fluid  is  primitively  developed,  as  already  mentioned, 
in  the  interior  of  the  newly  forming  heart  and  principal  vascular 
trunks.  At  first,  its  structural  elements — the  blood-ctlls  or  corpuscles, 
are  colourless  cells  with  faintly  granular  contents  and  a distinct  nucleus, 
in  all  respects  identical  with  the  embryonic  cells.  They  soon  become 
loosened,  and  then  separated,  from  each  other,  by  the  formation  of  an 
intermediate  fluid  plasma,  the  new  liquor  sanguinis  ; their  contents  be- 
come less  granular,  and  coloured  by  the  formation  of  colouring  matter  in 
their  interior,  but  their  nucleus  remains.  They  are  now  red  blond-cor- 
puscles ; but  as  compared  with  those  of  the  fidly  formed  blood,  they 
are  much  larger,  spherical  instead  of  discoid,  darker  in  colour,  anil 
nucleated,  instead  of  being  destitute  of  a nucleus.  Once  formed,  they 
speedily  enlarge,  elongate,  or  assume  a somewhat  flattened  and  elliptical 
figure,  somewhat  resembling  the  shape  of  the  blood  corpuscles  of  the 
Amphibia  ; the  nucleus  soon  divides  into  twm,  or  even  into  three  or  four 
portions,  or  young  nuclei ; the  walls  of  the  so  altered  cells,  then  become 
constricted  between  these  young  nuclei,  and,  ultimately,  the  cells  divide 
into  as  many  new  cells  as  there  were  nuclei ; this  process,  it  is  supposed, 
may  he  repeated  over  and  over  again. 

After  a time,  corresponding  with  the  date  at  which  the  liver  begins  to 
grow,  this  process  of  subdivision  of  the  primitive  nucleated  red-cor- 
puscles ceases,  and  then  multitudes  of  colourless  nucleated  cells  appear, 
especially  in  the  blood  of  the  liver  and  of  the  spleen,  and  also  in  the 
lymphatic  system  ; and  either  without,  or  with,  previous  multiplication 
by  subdivision  of  their  nuclei,  constriction  of  the  cell  wall,  and  actiml 
partition,  they  acquire,  even  within  the  spleen  and  liver,  some  red 
colouring  matter,  and  are  changed  into  nucleated  red-corpuscles. 

Both  sets  of  these  spherical,  nucleated  red-corpuscles,  are  ultimately 
converted,  by  a slight  diminution  of  size,  by  a flattening  of  two  opposite 
sides,  and  by  the  gradual  wasting  and  final  disappearance  of  the  nucleus, 
into  the  typical  non-nucleated  disc-liko  red-corpuscles  of  the  fully  formed 
blood.  This  condition  exists  at,  or  even  a considerable  time  before, 
birth.  After  birth,  during  the  growth  of  the  body,  and  in  the  adult,  the 
red-corpuscles  of  the  blood  are  developed  from  the  colourless  ones,  as 
already  elsewhere  described  (p.  315). 

The  white  blood-corpuscles  are  evidently  the  unaltered,  colourless, 
VOL.  II.  U U 
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nucleated  cells,  derived,  at  first,  from  the  blood  itself,  afterwards  from 
the  liver,  and  permanently  from  the  spleen  and  the  lymphatic  system. 
Under  certain  circumstances,  as  in  inflammation,  colourless  blood  cor- 
puscles may  perhaps  originate  in  the  blood  itself,  within  the  general 
capillary  system. 

The  plasma  of  the  blood,  at  first  the  product  of  the  liquefaction  of  the 
intermediate  blastema  or  matrix,  probably  effected  \mder  the  agency  of 
the  formative  cells,  is  afterwards  the  complex  result  of  various  acts  not 
only  of  a formative,  but  also  of  an  absorptive  and  excretory  kind. 

Lymphatics  or  Ahsorhents. 

The  mode  of  formation  of  the  principal  absorbent  trunk,  the  thoracic 
duct,  is  probably  like  that  of  the  primitive  bloodvessels. 

The  small  lymphatics,  according  to  observations  made  in  the  tadpole's 
tail,  originate  by  the  junction  of  nucleated  cells,  in  the  same  way  as 
the  large  capillaries ; but  they  are  said  to  anastomose  much  less  fre- 
quently. The  extension  of  the  absorbents  into  newly  growing  tissues,  is 
effected,  as  in  the  case  of  the  capillary  network,  by  the  formation  in  the 
new  tissue,  of  peculiar  cells,  which  branch  out,  and  join  certain  very  fine 
processes,  given  off  from  the  lymphatics  already  developed.  These 
stellate  cells  are  said  to  be  more  jagged  in  their  outline,  than  those  of 
the  capillaries. 

The  lymphatic  glands  are  believed  to  be  developed  from  clusters  of 
lymphatic  vessels,  which  give  out  projections,  afterwards  converted  into 
the  alveoli  or  cells  of  the  cortical  portion  of  those  glands. 

The  chief  microscopic  structural  elements  of  the  h'mph  and  chyle,  the 
small  and  large  nucleated  corpuscles,  most  probably  originate  in  the 
lymphatic  vessels  and  glands,  by  subdivision  of  pre-existing  corpuscles, 
and  perhaps  multiply  by  subdivision.  Probably  also  some  of  those 
seen  in  the  chyle  and  intestinal  hunph,  before  it  reaches  the  mesenteric 
glands,  originate  in  the  solitary  or  agminated  glands.  They  also  seem 
to  be  formed  in  the  spleen,  thyroid,  and  thj-mus  glands,  or  even  in  the 
interior  of  the  commencing  lymphatics.  At  first,  these  cells  are  minute, 
and  their  envelope  closely  surrounds  the  nucleus.  In  this  form,  they 
constitute  the  small  lymph  corpuscles.  They  grow  into  the  larger  ones, 
bv  the  deposition  of  soft  granular  matter  between  the  exterior  and  the 
nucleus.  They  also  multiply  by  elongation,  subdiUsion  of  the  nucleus, 
constriction  of  the  delicate  cell-substance,  and  partition  into  two  new 
cells,  each  having  its  own  nucleus. 

The  molecular  base  of  the  chyle,  is  apparently  the  result  of  a process 
of  aggregation  of  the  simplest  kind,  whilst  the  fluid  part  of  the  lymph 
and  chyle,  may  be  regarded  as  an  extremely  diffluent  blastema  or  fluid 
matrix. 

Vascular  or  Ductless  Glands. 

The  several  organs  thus  grouped  together,  arise  from  masses  of 
primitive  embryonic  cells  and  blastema,  which  appear  in  the  situations 
already  described  with  their  development  as  organs.  The  closed  sacs 
of  the  lingual,  tonsillar,  pharyngeal,  gastric,  and  solitary  and  agmi- 
nated intestinal  glands,  and  also  the  closed  sacs  or  Malpighian  corpuscles 
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of  the  spleen,  are  developed  by  the  multiplication  of  cells  or  cell-nuclei, 
of  which  the  outer  ones  form  a membranous  envelope,  and  the  inner  ones 
the  special  pulp,  with  its  traversing  bloodvessels.  The  cells  of  the 
thyroid  body,  and  those  of  the  supra-renal  body,  originate  also  by  cell- 
growth,  wliich  is  most  readily  observed  in  these  peculiar  organs.  The 
new  cells  of  the  thyroid  are  said  to  be  formed  by  a process  of  budding 
or  protrusion,  and  subsequent  constriction  and  separation.  The  pa- 
renchj’ma  of  the  spleen,  the  thick  walls  of  the  recesses  of  the  thymus, 
as  well  as  its  fluid  contents,  and  lastly  the  pituitary  body,  are  formed 
of  gj-mnoplasts,  nuclei,  and  a matrbs. 

Secreting  Memhranes  and  Glands. 

The  subcutaneous  synovial  bursae,  mere  interspaces  in  the  subcuta- 
neous connective  tissue,  probably  arise,  at  first,  by  a process  of  softening 
and  absorption  of  that  tissue,  and  afterwards  by  an  extension  of  their 
walls.  In  the  true  sjmovial  membranes,  in  the  serous  membranes,  and 
in  the  mucous  membranes,  the  defined  limiting  or  basement  membrane 
is  developed  from  very  fine,  almost  homogeneous,  connective  tissue ; but 
in  the  glands,  the  well-defined  glassy  basement  membrane  is  supposed  to 
be  a sort  of  excretion  from  the  epithelial  cells  which  cover  the  surface. 
The  origin  of  the  glands,  as  organs,  has  already  been  described.  They 
commence  as  masses  of  nucleated  cells,  evidently  destined  to  be  epithe- 
lial ; these  project  into,  and  fill  irp,  recesses  in  the  corium  beneath.  They 
either  remain  simple,  as  in  the  case  of  the  gastric  tubuH,  or  they  may 
extend  so  as  to  develop  the  most  complex  gland,  like  the  liver  or  kidney. 
The  cavities  of  the  ducts,  which  are  at  first  solid,  are  formed  by  a 
softening  of  the  intercellular  matrix,  along  certain  special  lines  of  cells. 

Epithelial  and  Epidermoid  Tissues. 

These  arise,  generally,  from  the  midtiplication  and  metamorphosis  of 
the  embrj’onic  cells  of  the  outer  and  inner  germinal  layers  of  the 
embryo.  In  the  case  of  the  serous  membranes  and  of  the  sjmovial  mem- 
branes of  the  joints,  they  also  originate  from  cells  in  deeper  portions  of 
the  embrj'onic  structure. 

The  modifications  which  these  cells  undergo,  however  various,  always 
permit  them  to  retain  their  nucleated-eell  character  throughout  their 
whole  existence.  The  changes  of  shape,  structure,  and  contents,  neces- 
sary’ to  transform  them  into  the  various  kinds  of  epithelial  and  epidir- 
moid  structures,  can  be  understood  by  perusing  the  description  of  them  in 
vol.  i.,  p.  72.  Pigmentary  deposits  may  occur  either  in  simple  epithe- 
lial cells  (fig.  43),  or  in  ramified  cells  (fig.  122,  f ). 

In  the  many-layered  epithelia,  these  changes  may  be  seen  at  one  view, 
all  occurring  simultaneously  (fig.  44).  The  cuticle  at  first  cannot  be  dis- 
tinguished from  the  cutis.  All  the  epithelia,  as  well  as  the  epidermis, 
exhibit  a continuous  growth.  The  glandular  epithelia  show  the  widest 
departure  from  the  primitive  cell-type,  especially  as  regards  the  chemical 
composition  of  their  contents.  The  mode  in  which  cilia  are  developed 
on  the  ciliated  epithelia,  is  not  exactly  known.  It  may  be  by  outgrowths 
of  the  cell-wall,  including  processes  of  the  eeU-contents,  or  by  a fission 
of  the  substance  of  the  ceU. 

The  nails  are  developed,  not  on  the  surface,  but  beneath  a thin  epi- 
v TJ  2 
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dermic  covering;  the  young  nail  consists  of  compressed  and  easily 
separahle  cells. 

The  hairs  appear  as  little  black  specks  under  the  cuticle ; these  are 
clusters  of  coloured  epidermic  cells  of  the  Malpighian  layer,  fitting  into 
depressions  in  the  cutis,  which  are  lined  by  a basement  membrane.  This 
rudimentary  follicle  enlarges,  and  acquires  its  flask-shaped  character ; its 
walls  are  formed  by  the  thickened  basement  membrane,  and  by  a layer  of 
cells,  belonging  to  the  corium,  outside  it.  The  outer  epidermic  cells  form 
the  root-sheaths,  and  the  central  ones,  resting  upon  a little  vascular 
papilla,  develop  into  the  hair.  This  increases  in  diameter  and  length, 
and  then  pierces  the  cuticle,  beneath  which  it  is  really  formed,  sometimes 
by  its  point,  and  sometimes  in  a bent  position.  The  fiLrst  hairs  are  very 
fine,  and  form  the  down  or  lanugo.  All  new  hairs,  when  old  ones  are  to 
be  shed,  commence  by  a cluster  of  epidermic  cells,  formed  at  the  bottom 
of  the  hair-follicle,  upon  the  side  of  the  old  papilla ; as  these  grow,  they 
detach  the  old  and  falling  hairs. 

Dental  Tissues. 

The  dentine  is  a dermoid  lone,  formed  by  the  gradual  transformation 
and  ossification  of  the  superficial  portion  of  the  dental  papillae  or  pulps, 
and  not  by  a mere  excretion  or  deposit  on  their  surface.  The  pulp  is 
chiefly  composed  of  rounded  nucleated  cells,  in  a clear  matrix,  but  con- 
tains also  a few  areolar  fibres,  and  many  bloodvessels.  The  outer  cells 
become  lengthened,  like  columnar  epithelial  cells.  By  some,  it  is  thought 
that  a single  layer  of  these  cells,  may,  by  elongation  and  other  modifica- 
tions, develop  into  the  whole  length  of  a dentinal  tubule.  It  is  more 
commonly  supposed,  that  successive  layers  of  pulp-cells  are  developed, 
coalesce  with  each  other,  undergo  metamorphosis,  and  become  ossified, 
in  order  to  complete  a tubule.  Lastly,  it  has  been  suggested,  that  rows 
of  secondary  cells  developed  within  one  primary’  cell,  and  subsequently 
coalescing,  are  so  transformed.  There  are  diflTerences  of  statement, 
as  to  the  mode  in  which  this  occurs.  The  nuclei  of  these  secondaiy 
cells,  are  supposed  to  coalesce,  and,  remaining  hollow,  to  form  the  den- 
tinal tubuli.  All  the  other  parts  of  the  cells,  and  of  the  intermediate 
matrix,  become  calcified,  and  constitute  the  walls  of  the  tubuli  and  the 
intertubular  dentinal  substance.  The  fine  bifurcated  ends  of  the  tiibtili, 
are  formed  by  branching  and  anastomosing  processes  of  the  cells.  I'jcn 
the  surface  of  the  growing  dentine’  next  to  the  enamel,  is  seen  a fine  base- 
ment membrane,  named  the  joreformaiive  mimlranc ; it  is  supposed  to 
be  the  seat  of  commencing  calcification,  to  be  very  early  ccnverteil 
into  the  more  compact  superficial  dentine,  and  to  assist  in  connecting 
this  with  the  enamel. 

The  enamel  organ  (p.  625)  consists  of  a soft  pellucid  tissue,  entirely 
epithelial  in  its  nature.  It  is  composed,  on  its  inner  or  deeper  aspect,  of 
a layer  of  columnar  epithelial  cells,  which  are  app^lied  to  the  preforma- 
tive  membrane  of  the  dentine.  Outside  these,  is  a thick  stratum,  cem- 
posed  of  stellate  cells,  forming  a network  of  fibres,  enclosing  multang- 
ular areolae,  filled  with  transparent  substance,  and  having  brilliant 
spots  at  the  junctions  of  the  fibres.  Its  outer  p\art  consists  of  epithelial 
cells,  arranged  in  masses,  between  projections  of  the  enclosing  vascular 
mucous  membrane.  These  masses  are  sometimes  so  large  and  preminent. 
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as  to  appear  like  white  bodies  beneath  the  gum,  and  have  been 
erroneously  regarded  as  glands — the  dental  glands  (Serres).  It  is 
usually  stated  that  the  cells  of  the  enamel  organ,  l)ecome  elongated,  and 
calcified,  with  gradual  absorption  of  their  animal  substance — at  first 
forming  a soft  cretaceous,  mass,  but  afterwards  becoming  hard,  and  being 
firmly  fixed  to  the  surface  of  the  preformative  membrane  (Schwann, 
Kdlliker,  and  others).  Their  nuclei  disappear,  or  leave  only  a fine 
linear  trace.  It  has  been  supposed  that  the  enamel-cells  are 
developed  beneath  the  preformative  membrane  (Huxley) ; but  this  view 
is  not  generally  entertained.  It  is  variously  imagined  that  a single 
prismatic  cell  serves  to  form  a single  enamel  prism,  running  through 
the  whole  thickness  of  that  structure ; or  that  several  secondary  cells 
combine  to  form  each  prism.  As  the  enamel  organ  terminates  at  the 
cervix  of  the  tooth,  the  formation  of  enamel  is  limited  to  the  crown. 
The  crusta  petrosa  is  developed  upon  the  fang,  probably  by  intra- 
membranous  ossification. 


REPARATION. 

The  process  by  which  injured  or  lost  parts  of  the  body,  are 
repaired  or  reproduced,  so  that  similar  tissues  are,  after  a time, 
developed  in  their  place,  is  known  as  regeneration  or  reparation. 
The  formative  power  is  here  the  same  as  that  by  which  the 
embryo  is  first  developed,  and  the  developmental  processes 
concerned,  are  but  extensions  of  those  retained  in  mature 
life.  This  process  of  regeneration  is  most  active  during  the 
earlier  periods  of  existence.  Thus,  in  cases  of  so-called  spon- 
taneous amputation  occurring  to  the  foetus  in  utero  from  con- 
striction by  the  umbilical  cord,  fingers  have  been  afterwards 
developed  on  the  remaining  portion  of  the  limb.  Instances,  too, 
have  been  recorded,  in  which  almost  as  remarkable  re-forma- 
tions  of  lost  parts,  liave  occurred  in  infants,  and  even  in  children. 
In  the  same  manner,  the  capacity  of  repair  gradually  diminishes 
as  life  advances,  lost  parts  which,  in  early  life,  are  regenerated, 
being  afterwards  imperfectly  and  incompletely  re-formed. 
Hence,  in  a child,  the  reparation  of  an  injury  may  easily  take 
place  ; whereas  in  old  age,  a similar  lesion  will  remain  unre- 
paired. Experiments  have  shown  that  the  vigour  and  celerity 
of  the  repair  of  Iractures,  and  the  union  of  tendons  in  Mammalia, 
are  in  an  inverse  proportion  to  the  age  of  the  animal  (Paget). 

Amongst  the  lowest  animals,  the  process  of  reparation  after  injury,  is 
identical  with  the  process  of  reproduction  by  gemmation  or  fission.  If 
the  hydra  be  cut  up  into  a number  of  small  pieces,  each  of  these  becomes 
developed  into  a perfect  hydra,  and  this  process  can  be  repeated,  over 
and  over  again,  with  a similar  result.  The  Annuloida  likewise  possess  very 
great  reparative  powers  ; thus  it  has  been  noticed  that  the  holothurida, 
when  pulled  about  or  injured,  expel  the  whole  of  their  viscera ; after  a 
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fe-w  months  these  are  regenerated.  Amongst  the  higher  Konvertebrate 
animals,  however,  in  which  reproduction  by  gemmationor  fission  does  not 
occur,  the  power  of  reproducing  a perfect  body  from  a fragment  does  not 
exist.  The  Crustacea  and  Arachnida  can,  when  fully  developed,  reproduce 
limbs  and  antenn*.  In  the  jMyriapoda,  on  the  other  hand,  the  reparative 
power  ceases  when  they  have  reached  their  full  development ; whereas, 
premously  to  this,  antenn®  and  limbs  may  be  reproduced.  The  larvs 
of  Insects  are  endowed  with  like  powers  of  reproduction  ; but  the  perfect 
Insects,  at  least  the  higher  ones,  have  no  such  regenerative  power. 
Hence  it  appears  that  the  amoimt  of  reparative  power,  is  in  an  inverse 
ratio  to  that  of  the  development  through  which  the  animal  has  passed 
in  its  attainment  of  perfection  (Paget).  The  reproductive  power  of  the 
Mollusca  has  not  been  much  investigated ; it  is  said  that  the  common 
snail  can  reproduce  the  head,  if  the  cerebral  ganglion  be  preserved. 
Among.st  the  Vertebrata,  the  Amphibia  possess  very  great  reparative 
power.  After  excision  of  an  eye  from  the  triton,  or  newt,  a new  one,  it  is 
said,  may  he  developed  in  its  place,  and  the  reproduction  of  an  entire 
limb,  or  of  the  tail,  occurs  readily  in  them. 

But  in  Man  and  the  M'arm-blooded  animals,  the  true  repara- 
tive process  is  much  more  limited,  being  confined  strictly  to 
tlie  reproduction  of  certain  tissues. 

In  the  first  place,  there  are  several  parts,  such  as  the  epi- 
dermoid and  epithelial  tissues,  and  also  the  red  corpuscles  of 
the  blood,  which  are  naturally  undergoing  constant  reparation 
or  decay,  and  are  as  constantly  being  reproduced,  by  what  has 
been  termed  continuous  growth,  or  nutritive  repetition. 

Secondly,  certain  tissues  of  comparatively  simple  structure 
and  chemical  composition,  and  of  low  vital  endowments, 
appear  to  be  capable  of  regeneration.  Such  are  the  areolar 
and  fibrous  tissues,  elastic  tissue,  and  bone,  which  fulfil  me- 
chanical uses  in  the  body,  serving  to  connect  and  support  its 
various  parts. 

Lastly,  bloodvessels,  lymphatics,  and  nerves,  tissues  which 
jDenetrate  other  parts  or  organs,  are  likewise  endowed  with 
this  power. 

Other  tissues  and  organs  of  a special  kind,  which  have  a 
complex  structure,  higher  chemical  constitution,  or  peculiar 
properties  or  functions — such  as  true  cartilage,  muscle,  the 
grey  substance  of  the  neiwous  centres,  the  essential  parts  of 
the  organs  of  special  sensation,  the  cutis  and  its  glands,  the 
secreting  and  excreting  glands,  and  the  ductless  glands — are  not 
regenerated  after  injury  or  destruction. 

The  regeneration  of  particular  tissues,  is  accomplished  by 
tlie  mrrltijdication  and  evolution  of  previously  formed  cell- 
elements,  whether  these  be  gymnoplasts,  nuclei,  or  nucleoli ; 
and  by  the  modification  of  the  intercellular  or  internuclear 
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elements,  or  matrix,  -tt-ithin  the  sphere  of  action  of  those  nutri- 
tive centres.  In  this  way,  the  epidermis  and  epithelium  are 
speedily  reproduced.  The  mode  of  formation  of  new  lymph- 
corpuscles  and  htood-corpuscles,  already  described  (p.  657), 
is  to  be  explained  in  a similar  way.  The  connective,  mem- 
branous, fibrous,  or  tendinous  areolar  tissues,  and  the  elastic 
tissues,  are  regenerated  in  the  same  manner  as  that  in  which 
they  are  developed.  Cfmnective  tissue  is  the  chief  medium  of 
restoration  or  repair  in  wounds  cr  ulcers  of  tissues  or  parts, 
which,  like  muscles,  glands,  and  the  cutis,  are  not  repro- 
duced. In  its  growth,  it  becomes  penetrated  by  new  capil- 
laries and  lymphatics,  which  are  developed  after  the  manner 
already  described  as  their  original  mode  of  formation.  The 
development  of  new  vessels,  in  the  meshes  of  effused  lymph  or 
blood,  in  the  restoration  of  the  lost  tail  or  limbs  of  the  Amphi- 
bia, and  also  in  tumours,  is  accomplished  in  the  same  way. 
Cartilage  if  removed  by  accident,  or  softened  and  absorbed  in 
disease,  is  not  regenerated,  but  cup-shaped  cavities  are  left, 
which  may  wear  smooth ; if  it  be  rent  or  broken  across,  it 
does  not  unite,  but  the  separated  parts  become  connected  by 
strong  fibrous  or  osseous  belts.  New  cartilage  is  produced  in 
certain  tumours.  Bony  tissue  is  regenerated  ^vith  remarkable 
facility  ; the  process  always  takes  place  by  the  intra-mem- 
branous  form  of  ossification.  The  intra-cartilaginous  form, 
however,  occurs  in  tumours.  Injury  to  a muscle,  such  as  divi- 
sion of  its  fibres,  provided  that  the  cut  ends  have  not  retracted 
too  far  from  each  other,  is  repaired  by  a uniting  band  of 
dense  connective  tissue,  Avhich  re-establishes  the  continuity  and 
office  of  the  muscle ; but  Avhen  a Avhole  muscle  is  torn  across, 
it  may  retract,  and  form  altogether  ueAv  connections,  or  it  may 
cease  to  be  used,  and  then  undergo  fatty  degeneration.  A 
divided  nerve  is  quickly  united  by  connective  tissue;  in  the 
cicatrix,  nerve-fibres  are  afteiwards  formed,  Avhich  join  the 
dh'ided  fibres,  and  completely  restore  their  functions,  Avhether 
these  be  reflex,  sensory,  or  motor.  The  nerve-fibres  beyond 
the  line  of  section,  usuall}^  lose  their  medullary  substance  or 
sheath,  Avhich  previously  undergoes  a granular  and  fatty  dege- 
neration ; but  the  tubular  sheath, . the  axis-fibre,  and  the 
nuclei  remain.  When  the  ends  of  the  nerve  are  once  more 
united,  the  medullary  sheath  of  the  fibres  is  reformed,  the 
reproductive  process  beginning  at  the  cicatrix  and  extending 
downwards.  In  young  animals,  the  medullary  substance  may 
be  restored  before  the  nerve  is  united. 
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GROWTH. 

Tlie  human  infant,  especially,  exhibits  an  imperfect  and 
feeble  condition  at  birth,  and  many  changes,  besides  mere  in- 
crease of  size,  take  place  in  it,  before  it  reaches  the  conditions 
of  puberty  and  maturity.  At  birth,  the  average  weight  of 
the  male  infant  is  aboitt  71bs.,  and  of  the  female  infant  about 
6^1bs.  The  lengths,  in  the  two  sexes,  are  about  inches 
and  18  inches.  The  nutritive  vegetative  functions  alone  ex- 
hibit a special  activity,  those  of  animal  life  proper  being  com- 
paratively quiescent.  The  ne^v-born  child  takes  food,  and 
sleeps  ; at  first,  it  passes  upwards  of  twenty  hours  out  of  the 
twenty-four,  in  a state  of  slumber ; and  during  the  first  year,  it 
requires  from  twelve  to  fifteen  hours’  repose.  The  respiration, 
circulation,  and  development  of  heat  are  relatively  more  active 
than  in  the  adult ; but  the  power  of  resisting  cold  is  feeble, 
and  hence  protective  clothing  is  necessary. 

The  general  growth  of  the  body,  is  at  first  rapid,  but  after- 
wards mrich  more  gradual.  Half  the  adult  height  is  reached 
by  about  the  end  of  the  third  year,  Avhilst  to  attain  the  re- 
maining half,  fifteen  or  eighteen  years  more  are  required.  At 
20  years  of  age,  a Man  is  rather  more  than  times  his  height, 
and  about  20  times  his  weight,  at  birth.  This  growth  is  not 
equal  in  all  parts  of  the  body,  the  lower  extremities,  which 
were  less  developed  in  the  embryo,  now  becoming  proportion- 
ally more  developed : on  the  other  hand,  not  only  the  head,  but 
also  many  internal  organs,  such  as  the  liver,  kidnevs,  and 
supra-renal  bodies,  which  are  proportionally  large  at  birth, 
afterwards  grow  relatively  more  slowly  ; the  thymus  gland 
even  shrinks.  The  muscular  system  and  the  volitional  power 
Avhich  commands  it,  are  simultaneously  developed  and  strength- 
ened. At  the  end  of  the  third  month,  the  infant  easily  supports 
the  Aveight  of  its  head  ; at  the  fourth  month,  it  is  able  to  sit 
irpright;  at  the  ninth  month,  it  craAvls  on  the  ground;  before 
the  end  of  a year,  it  can,  Avith  assistance,  step  ; and  at  A-arious 
times,  from  one  to  tAvo  years  or  more,  it  can  stand,  and  begin 
to  run  alone.  At  six  months,  it  can  lisp,  and,  before  the  end 
of  the  year,  can  imitate  a few  definite  articulate  sounds  of  one 
or  tAvo  syllables.  The  senses  and  the  mind  are  gradually 
broirght  into  exercise,  hearing,  as  indicated  by  the  effect 
of  noises,  before  sight,  as  shoAvn  by  the  attractiveness  of  light 
or  of  bright-coloured  objects.  The  development  of  sight,  as  a 
source  of  definite  knowledge,  rmder  the  education  of  touch,  has 
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been  already  fully  explained.  Of  the  other  senses,  perhaps, 
taste  is  the  next  to  be  developed,  and  after  that,  smell  and 
touch.  The  order  of  appearance  of  the  milk  and  permanent 
teeth,  has  already  been  detailed.  The  food  of  the  infant,  before 
it  acquires  teeth,  is  fluid,  and  the  entrance  of  this  into  the 
stomach,  distends  that  organ,  and  completes  its  transverse 
direction  ; after  the  teeth  appear,  the  food  may  be  increased  in 
density,  from  semifluid  to  more  or  less  solid  nutrient  sub- 
stances. 

Life  has  been  divided  into  periods,  which  may  be  physiolo- 
gically thus  distinguished.  From  birth  to  the  appearance  of 
the  first  tooth,  the  child  or  infant  may  be  called  a suckling ; 
from  thence  to  the  time  when  the  milk-teeth  begin  to  fall  out, 
is  the  period  of  childhood ; thence  to  the  period  of  puberty,  is 
the  age  of  boyhood  or  girlhood ; from  this  to  the  final  com- 
pletion of  the  stature,  is  the  epoch  of  youth  or  maidenhood ; 
after  that,  is  the  period  of  matw'ity.  Beyond  this,  comes  the 
decline  of  life,  and  afterwards  old  age. 

Puberty  occurs  in  the  male,  at  the  age  of  from  fifteen  to 
eighteen,  according  to  the  chmate,  and  in  the  female,  from 
twelve  to  fifteen.  After  the  full  stature  has  been  attained,  a 
certain  development  still  goes  on,  the  skeleton  especially 
strengthening  and  solidifying  itself,  even  up  to  the  age  of  25 
in  women,  and  28  or  more  in  men.  At  this  period,  also, 
the  intellectual  powers  attain  perfection,  and  the  balance 
between  assimilation  and  waste,  is  fully  established. 

DECAY  AND  DEATH. 

The  life  of  every  organised  being,  depends  ultimately  on  the 
due  and  persistent  performance  of  the  tissue-changes.  These 
are  not  only  constantly  wasting  and  undergoing  repair,  through 
the  wLole  organism,  by  which  means  thfe  life  of  the  individual 
is  maintained,  but  they  degenerate  and  decay.  Their  nutritive 
energy  becomes  enfeebled  ; they  are  no  longer  renewed  or  re- 
paired ; their  further  development  is  arrested ; the  organs  no 
longer  perform  their  various  functions;  and  then  natural 
decline,  decay,  and  finally  death  ensue. 

Death  may  affect  a tissue,  or  a part,  or  an  organ  only,  of  the 
body ; it  is  accordingly  said  to  be  molecular,  or  partial,  as 
the  case  may  be ; this  is  illustrated  in  ulceration,  and  gan- 
grene or  mortification,  of  the  soft  tissues,  or  caries,  or  7iecrosis, 
of  bone.  General  death,  also  called  somatic  death  {cUpa,  the 
body),  affects  the  entire  system.  Partial  or  molecular  death  is 
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only  followed  by  general  or  somatic  death,  when  it  interferes 
with  the  processes  of  organic  life.  Somatic  death  is  the  result 
of  a permanent  arrest  of  the  circulation.  Besides  this  natural 
mode  of  death,  or  death  from  old  age,  or  cUinacleric  death, 
there  are  unnatural,  premature,  or  accidental  modes  of  death, 
which  may  occur  at  any  period  or  moment.  The  immediate 
causes  of  accidental  or  unnatural  somatic  death,  are  syncope, 
asphyxia  and  coma]  these  occur  from  injury  or  disease.  Old 
age  is  the  cause-of  natural  somatic  death.  Coma  and  syncope 
have  been  alluded  to  in  the  Section  on  the  Nervous  System, 
vol.  i.  pp.  296,  355 ; and  asphyxia  is  described  at  length  under 
Bespiration,  vol.  ii.  p.  473.  They  may  here  be  again  briefly 
noticed. 

In  syncope,  death  begins  at  the  heart,  this  organ  either  losing 
its  irritability  and  power  of  contractility,  or  being  affected 
Avith  a tonic  spasm.  In  the  former  case,  it  is  found,  after  death, 
flabby  and  flaccid,  Avith  its  ca-vities  either  filled  Avith  blood,  or 
empty  ; in  the  latter  case,  it  is  firm  and  contracted,  and  almost 
or  entirely  empty.  Death  by  syncope,  may  be  occasioned  by 
widely  different  causes.  Thus,  it  maj'  take  place  through  the 
nerAmus  system,  as  Avhen  a Ancient  shock  or  concussion  is  com- 
municated to  the  body ; it  is  in  this  mode,  that  strong  mental 
emotion,  as  intense  fear,  303%  or  grief,  or  sunstroke,  lightning, 
extensive  burns  of  the  surface  of  the  bod}’,  and  sedative  poi- 
sons, are  fatal  to  life.  The  effects  of  man}'  sedath-e  poisons — 
as,  e.g.  of  aconite,  digitalis,  and  tobacco — are  produced  by  the 
passage  of  the  deleterious  substance  into  the  blood,  and  by  the 
action  of  the  blood,  thus  A’itiated,  on  the  nerves  of  the  heart. 
Again,  death  by  syncope  may  proceed  from  an  enfeebled  con- 
dition of  the  heart's  substance,  so  that  its  contractile  power 
gradually  fails,  a mode  of  death  Avhic’h  is  exceedingly  common. 
It  occurs  in  persons  affected  Avith  disease  of  the  tissues  of  the 
heart,  especially  in  cases  of  fatty  degeneration  of  this  organ. 
Starvation  (p.  549),  exhausting  diseases,  and  long-continued 
violent  exertion,  are  further  causes  of  death  from  feebleness  of 
the  heart’s  action.  Lastly,  this  mode  of  death  may  occur  from 
sudden  and  profuse  hemorrhage,  the  circulation  being  arrested, 
not  from  loss  of  the  contractile  poAver  of  the  heart,  but  owing  to 
the  insufficient  quantity  of  blood  Avhich  passes  into  its  cavities. 
It  takes  place  Avhen  a large  bloodvessel  is  Avounded,  or  A\hen 
it  is  ruptured  oAA’ing  to  disease  of  its  coats,  and  in  cases  of  pro- 
fuse internal  hemorrhage,  as  when  an  aneurism  bursts. 

Death  by  asphyxia,  or  suffocation,  occurs  Avhen  the  move- 
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ments  of  respiration,  or  the  access  of  oxygen  to  the  lungs,  are 
arrested,  the  flow  of  blood  through  the  pulmonary  capillaries 
then  ceasing.  This  mode  of  death  occurs  in  cases  of  disease 
affecting  the  heart  and  lungs,  and,  though  more  rapidly,  in  chok- 
ing, strangulation,  and  drowning.  The  breathing  of  carbonic 
acid  and  other  poisonous  gases,  also  kills  by  asphyxia  ; but  tliis 
fatal  result  is  due  both  to  the  absence  of  free  oxygen  and  to 
the  deleterious  properties  of  the  gas.  The  simple  privation  of 
atmo.spheric  air,  acts  only  indirectly  on  the  heart ; for  the  move- 
ments of  this  organ,  and,  indeed,  even  the  pulsation  of  the 
smaller  arteries,  continue  for  a time,  although  all  other  signs 
of  vitality  have  disappeared.  The  blood,  as  it  traverses  the 
pulmonary  capillaries,  now  no  longer  undergoes  the  chemical 
changes  essential  to  respiration,  for  it  is  non-a&ated  or  venous, 
and  cannot  therefore  sustain  the  functions  of  the  various  parts 
to  which  it  is  distributed.  At  first,  it  passes  freely  through 
the  pulmonary  veins  to  the  left  side  of  the  heart,  whence  it  is 
distributed  through  the  arteries,  to  the  different  parts  of  tlie 
body.  Its  noxious  action  on  the  brain,  is  quickly  shown,  by 
the  rapid  su-spension  of  its  sensorial  functions,  unconsciousness, 
and  convulsions.  The  circulation  in  the  pulmonary  capillaries 
is  at  first  gradually  retarded,  and  at  length  totally  arrested ; so 
that  the  lungs  are  gorged,  and  the  right  side  of  the  heart  over- 
distended with  venous  blood,  which  passes  into  the  left  cavities 
of  the  heart,  in  smaller  and  smaller  quantities.  Owing  to  this 
diminution  in  the  supply  of  blood,  and  to  its  vitiated  quality, 
the  contractions  of  the  heart  become  gradually  more  feeble,  and 
finally  all  the  vital  actions  are  arrested.  In  the  first  stage  of 
asjthyxia,  the  face  is  livid,  although  voluntary,  or  instinctiv'e 
and  conscious,  efforts  are  made  to  breathe,  but  without  success. 
In  the  second  stage,  volition  and  even  consciousness  are  lost, 
though  convulsive  movements  are  performed.  In  the  third 
stage,  all  outw'ard  and  respiratory  movements  have  ceased,  but 
the  heart  still  beats.  In  an  asphyxiated  animal,  the  heart  Avill 
beat  for  seven  minutes,  or  three  minutes  after  the  arrest  of 
external  movements. 

In  coma,  death  begins  at  the  brain,  the  sensorial  functions 
being  those  which  are  first  suspended.  This  mode  of  death 
occurs  in  fevers,  in  certain  diseases  of  the  brain,  and  in  injuries 
of  this  organ,  when  these  do  not  kill  by  shock  or  concussion. 
Thus,  a person  may  receive  a violent  blow  on  the  head,  giving 
rise  to  symptoms  of  syncope ; and  after  a time,  although  the 
heart  regains  its  power,  and  respiration  and  circulation  still 
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continue,  a state  of  profound  stupor  sets  in,  and  death  occurs 
in  a comatose  condition.  Narcotic  poisons,  such  as  opium,  bella- 
donna, and  chloroform,  also  produce  death  by  inducing  coma. 

Death,  however,  frequently  occurs  in  all  these  three  modes. 
Thus,  pressure  on  the  brain,  may  not  only  induce  coma,  but  also 
asphyxia  and  syncope,  by  paralysing  the  medulla  oblongata, 
from  which  the  pneumogastric  nerves,  supplying  the  heart  and 
lungs,  arise.  The  fatal  effects  of  chloroform,  on  the  other 
hand,  may  depend  on  asphyxia,  coma,  or  cardiac  syncope. 

Death  from  old  age,  or  the  gradual  decay  of  nature,  the 
natural  mode  of  dying,  is  much  less  common  than  death  from 
unnatural  causes.  Towards  the  decline  of  life,  the  formative 
power  becomes  defective ; the  processes  of  nutrition,  growth, 
and  development  of  the  tissue  elements,  no  longer  keep  pace 
\vith  the  individual  waste  and  death  of  these ; so  that  the 
various  organs  of  the  body  suffer  a marked  and  gradually  in- 
creasing structural  deterioration  or  degeneration,  and  their 
functional  powers  are  consequently  diminished.  These  dete- 
riorations or  degenerations  constitute  senile  atrophy,  and  are  as 
natural  and  normal  to  the  living  organism  as  nutrition  itself. 
The  body  either  Avastes  and  dries,  or  it  grows  fat,  the  indi- 
vidual either  becoming  emaciated  or  else  corpulent.  The  coats 
of  the  arteries  undergo  fatty  changes,  the  cornea  exhibits  the 
arcus  senilis,  and  there  is  an  increased  quantity  of  fat  in  all 
the  tissues  and  organs.  The  arteries  become  the  seat  of  cal- 
careous deposits,  the  bones  contain  an  increased  quantity  of 
earthy  salts,  aird  the  cartilages  undergo  ossification.  The  walls 
of  the  bloodvessels  and  other  structures  become  thickened  ; 
the  mucous  membrane  of  the  alimentary  canal  frequently 
presents  an  ash-coloured  appearance,  and  the  lungs,  even  early, 
exhibit  deposits  ef  black  pigment.  Lastly,  if  disease  or  injury 
in  no  Avay  interferes  Avith  the  ordinary  duration  of  life,  the 
activity  of  all  the  functions  sloAvly  diminishes,  until  the  vitality 
of  the  entire  organism  gradually  becomes  extinct. 

The  ordinary  external  appearances  Avhich  indicate  death, 
are,  the  cessation  of  breathing,  the  absence  of  pulse,  a half- 
closed  St, ate  of  the  eyelids  Avith  dilatation  of  the  pupils, 
clenching  of  the  jaAvs  Avith  slight  protrusion  of  the  tongue, 
and  partial  contraction  of  the  fingers.  The  skin  is  cold  and 
pale,  or,  if  liAud,  is  becoming  paler.  After  a few  days,  a 
deceptive  increase  of  colour  of  the  skin,  is  sometimes  noticed, 
oAving  to  the  blood  being  forced,  by  the  evolution  of  gases  from 
the  larger  central  A^essels,  into  the  small  vessels  of  the  skin. 
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The  only  positive  signs  of  actual  death  are  those  which 
depend  on  molecular  change  or  death,  viz.  rigidity  of  the  mus- 
cles of  the  whole  body,  and  putrefctction  of  tlie  tissues.  These 
are  most  marked  in  organs  and  tissues,  the  vital  functions 
of  which  are  the  most  active.  They  supervene  more  rapidly 
in  Warm- than  in  Cold-blooded  animals.  The  action  of  the 
heart  and  the  movements  of  respiration,  may  be  so  much 
reduced,  as  to  be  altogether  imperceptible,  so  that  the  functions 
of  circulation  and  respiration,  appear  to  be  arrested.  This  is 
occasionally  observed  in  temporary  syncope,  in  which  a person, 
to  all  appearances  dead,  has,  after  a time,  regained  conscious- 
ness, and  recovered.  The  peculiar  condition  of  the  nervous 
system  called  catalepsy,  and  the  state  of  trance,  are  likewise 
further  examples  of  so-called  apparent  death.  But,  as  previ- 
ously stated  (vol.  i.  p.  163),  on  the  occurrence  of  actual  death, 
the  irritability  of  the  muscles,  by  degrees,  disappears,  elec- 
tricity no  longer  excites  their  contraction,  and  then  cadaveric 
rigidity  sets  in.  The  time  at  which  this  comes  on,  its  duration, 
and  many  other  points  connected  with  it,  have  also  been  there 
mentioned.  The  commencement  of  putrefaction  is  first  in- 
dicated by  the  appearance  of  a bluish-green  patch  on  the 
surface  of  the  abdomen  or  thorax ; this  goes  on  increasing  in 
size,  and  becomes  brownish,  the  margins  by  which  it  spreads, 
retaining,  however,  the  primitive  colour.  Putrefaction  then 
shows  itself  in  other  parts  of  the  body.  The  rapidity  of  this 
process,  presents  great  differences,  the  tissues  being  much 
more  prone  to  putrefy  after  certain  diseases ; the  temperature 
of  the  surrounding  air,  also  influences,  considerably,  the  (quick- 
ness with  which  the  dead  body  is  finally  decomposed. 
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sugar,  ii.  176  ; — saline  substances,  ii. 

176  ; — albuminoid  substances,  ii.  177  ; 

— fatty  matters,  ii.  177, 178, 179, 180.  In- 
trinsic, ii.  153, 182-185  ; interstitial,  ii. 

183  ; progressive,  ii.  183  ; disjunctive,  ii. 
183;  uses  of,  ii.  185  ; rapidity  of,  ii.  183, 

184  ; examples  of,  ii.  184;  ulcerative,  ii. 

185.  Uses  of,  ii.  185.  In  animals,  ii. 

186,  187.  Of  oxygen  in  respiration,  ii. 
438,  439  ; by  stomach  and  intestines,  ii. 
402 

Abstraction,  faculty  of,  i;S78 
Accessory  nerve,  i.  316,  335 
Acervulus  cerebri,  i.  305 
Achromatic  lenses,  i.  552 
Achromatopsy  or  colour-blindness,  i.  595 
Acids  of  the  Body  (proximate  constitu- 
ents), i.  85,  86.  Acetic,  i,  86.  Butyric, 
i.  86,  Caproic,  i.  86.  Cerebric,  i.  85, 
Cnolalic,  i.  85,  Cholic  or  glycocholic, 
i.  85.  Formic,  i.  86.  Glycero-phos- 
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phoric,  i.  86.  Hippuric,  i.  85.  Lactic, 
i.  86.  Lithic,  i.  85.  Oleic,  i.  86.  Oleo- 
phosphoric.  i.  86.  Oxalic,  i.  86.  Pal- 
mitic, i.  86.  Propionic,  i.  86.  Stearic, 

i.  86.  Taurocholic,  i.  85.  Uric,  i.  85 
Acotyledons,  i.  140 

Ac3  0geus,  i.  140 

Actinic  or  chemical  rays,  i.  548 

Actinozoa,  perivisceral  ca^flty  of,  ii.  142 

Adam’s  apple,  or  pomum  Adami,  i.  250 

Adipose  tissue,  i.  45  ; ii.  647 

Adult  age,  ii.  665 

Acri  il  breathers,  ii.  402;  — respiration, 

ii.  402,  488-496 

iEsthesodic  substance  of  Spinal  Cord,  i. 
342 

-^sthesiometer,  i.  463 
Afferent  nerve  fibres,  i.  277,  328,  349 
After-sensations,  i.  431,  465,  482,  495,  521, 
588 

Age,  effect  of,  on  pulse,  ii.  217  ; on  quan- 
tity of  oxygen  absorbed  and  carbonic 
acid  eliminated,  in  respiration,  ii.  465  ; 
on  quantity  of  urea  excreted,  ii.  378  ; 
on  animal  heat,  ii.  505 
Air,  ii.  437.  Air-space  for  rooms,  ii.  4S3  ; 
for  individuals,  ii.  484.  Changes  of,  in 
respiration,  ii.  435-444.  Effect  of  a single 
respiration  on  the  composition  of,  ii. 
438.  Quantity  of,  respired  in  one 
minute,  ii.  435 
Air-bladder  of  Pishes,  ii.  493 
Air-cells  or  air-sacs  of  lungs,  ii.  411- 
413 

Air-passages,  ii.  404-406. 

Air-sacs  in  Birds,  ii.  489,  490 
Albumen,  i.  81 ; ii.  3,  8.  Vegetable,  ii. 
4,  8 

Albuminoid  substances.  Destination  of,  in 
body,  ii.  543.  Metamorphosis  of,  in 
body,  ii.  543.  In  the  blood,  ii.  29u. 
Uses  of,  ii.  290.  In  daily  food,  ii.  536. 
Decomposition,  artificial  of,  ii.  545.  In 
body,  ii.  534.  Action  of  gastric  juice 
on,  ii.  86 ; of  pancreatic  juice  on,  ii. 
98,  99  ; of  intestinal  juices  on,  ii.  102. 
— Excreta,  unoxidised,  ii.  546 
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Albuminose,  ii.  84,  86.  Distingnnshed 
from  Albuminoids,  ii.  86.  Formed  from 
gelatin,  ii.  86 
Albuminuria,  ii.  389, 390 
Alcohol,  destination  of,  in  body,  ii.  542. 
Use  of,  in  body,  ii.  543,  An  aliment,  ii. 
542 

Alcoholic  beverages,  ii.  5 
Aldehyde,  destination  in  body,  ii.  543 
Alimentary  canal,  i.  31,  ll‘>.  Length  and 
capacity  of,  in  reference  to  food,  ii.  IIG. 
In  animals,  ii.  129 

Allantois,  ii.  611.  612,  Growth  and  desti- 
nation of,  ii.  612,  635 
Alveoli  of  teeth,  ii.  16.  Development  of, 
ii.  629 

Ambulacral  vessels  of  Echinodermata,  ii. 
275 

Amnion,  ii.  599,  609.  Fluid  of,  ii.  609 
Amphiarthroses,  or  mixed  joints,  i.  188 
Amphibia.  Prehension  of  food,  ii.  118. 
Progression  on  solids,  i.  225  ; in  fluids, 

i.  230.  Teeth,  ii.  124.  Jaws,  ii.  127. 
Salivary  glands,  ii.  128.  Pharynx,  ii. 
129.  Alimentary  canal,  ii.  138.  Integu- 
ment of,  i.  473.  Cloaca,  ii.  138.  Liver, 

ii.  L14.  Gall-bladder,  ii.  146.  Pancreas, 
ii.  147.  Lymphatic  hearts,  ii.  186. 
Portal  circulation,  ii.  267.  Heart,  ii. 
265,  266.  Circulation,  ii.  266.  Renal- 
portal  system,  ii.  267.  Spleen,  ii.  342. 
Supia-renal  bodies,  ii.  342.  Thymus 
gland,  ii.  343.  Kidneys,  ii.  392.  Thorax, 
ii.49l,  Respirationbylungs, ii.  492  ; by 
gills,  ii.  497,  498.  Touch,  i.  472,  474. 
Taste,  i.  483,  484.  Smell,  i.  498.  Hear- 
ing. i.  523.  Sight,  i.  601.  Locomotion 
on  solids,  i.  225 ; in  fluids,  i.  230.  Voice, 

i.  271.  Cerebrum,  i.  407.  408.  411,  413. 
Cerebellum,  i.  413.  414.  Tongue,  i.  484. 
Ova  of,  ii.  600.  Heat  of,  ii.  503 

Amphioxus,  or  Lancclet,  i.  125.  Alimen- 
tary canal,  ciliated,  ii.  139.  Blood  cor- 
puscles of,  ii.  264,  271.  Circulation  in, 

ii.  270.  Blood-glands  absent,  ii.  343. 
Absorbents  absent,  ii.  187.  'N’ervous 
system,  i.  416.  Sight,  i.  601.  Smell,  i. 
499.  Respiration,  ii.  499.  Chorda  dor- 
salis. ii.  653.  Heart  is  not  simple,  ii.  270 

Amygdalae,  ii.  27 
Ainvlin,  i.  86  (see  Starch) 

Amyloid  substance.  In  Tunicata,  ii.  335. 
In  healthy  muscle,  ii.  335  ; — degene- 
ration of  tissues  and  organs,  ii.  335 
Analogies  in  animals,  i.  137 
Anelectrotonus,  i.  285 
Animal,  Dissection  of,  i.  34 
Animal  cells,  i.  75  ; ii,  641.  — Fimctions, 
general  view,  i.l07  ; table.  i.ll7  ; special 
physiology  of,  i.  155.  — Heat,  ii.  502, 521 
(.see  Heat).  — Electricity,  ii.  527-531  (see 
Electricity).  — Light,  ii.  524-527  (see 
Light).  — Kingdom,  Cuvier's  arrange- 
ment, i.  120 ; modern  arrangement,  i. 
122;  outlines  of.  i.  120.  — Llagnetism, 
i.  402.  — Sub'-kingdonis,  i.  124 
Aximals,  Classification  of,  i.  120-122. 
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Expression  and  gesture  in,  i.  247.  Com- 
pared with  plants,  i.  145.  Hearing, 
organs  and  sense,  i.  522.  Locomotion 
in  air,  i.  2:14 ; in  fluids,  i.  22-s  ; on  solids, 
i.  218.  Nervous  system  and  its  functions, 
i.  403.  Organs  and  function  of  sight  in. 

i.  597.  Ovai’ies  and  ova  of,  ii.  60n.  posi- 
tion of  man  amongst,  i.  132.  Prehension 
and  Manipulation,  i.  214.  Reproduction 
of,  iL  380.  Smell,  organs  and  sen.'^e.  i. 
496.  Special  senses,  i.  439.  Skin.  i.  473, 
Taste,  organs  and  sense,!,  483.  Touch, 
its  sense  and  organs,  i.  473.  Voice,  i. 
269.  Cold-blooded,  ii.  503.  517,  522. 
"Warm-blooded, ii. 503,  504,517,522.  Car- 
nivorous, ii.  517.  518.  546.  Herbivorous, 

ii.  517,  518,  546.  Hybernation  of,  ii. 
521 

Ankle,  adaptation  to  erect  posture,  i. 
209 

Ax-velida.  Digestive  organs  and  glands, 
ii.  141.145.  Pseudo-hjemal  vessels,  ii. 
274.  Respiration,  ii.  494, 501,  Touch,!. 
472,474.  Hearing,  i.  525.  Sight,  i.  6u6. 
Locomotion,  i.  226.  Nervous  system,  i. 
128.  Reproduction  of,  ii.  582,  586.  Lu- 
minosity in,  ii.  526 

Axxuloida.  General  characters  and 
classes,  i.  129.  Locomotion  in  water,  i. 
233;  on  solids.i.226.  Nervous  system  and 
actions,  i.  423.  Prehension,  i,  246;  ii. 
118.  Denticles,  ii.  127.  Salivary  tubnli, 
ii.  129.  Alimentary  canal,  ii.  *141,  142. 
Gastric  glands,  ii.  143.  Liver,  ii.  145, 
Pancreatic  tubnli,  ii.  148.  Circulation, 
ii.  274.  Respiration,  ii.  501.  Hearing, 

i.  525.  Sight,  i.  C07.  Touch,  L 472, 
Smell,  499 

Axn'ULOsa.  Eyes  of,  i.  604.  Development, 

ii.  585,  606.  General  characters  and 
classes,  i.  128.  Luminosity,  ii,  525.  Ner- 
vous system  and  actions,  i.  420.  Ova,  ii. 
601.  Prehension,  i.  246  ; of  food,  ii.  1 
Mandibles  and  m^xillse,  ii.  US.  Pro. 
boscis,  ii.  119.  Salivary  glands,  ii.  129. 
Alimentary  canal,  ii.  140.  Liver,  ii. 
145.  Circulation,  ii.  273.  274.  Renal 
organs,  ii.  394.  Respiration,  ii. 494-496, 
500,  501.  Touch,  i.  472.  474.  Smell,  i. 
499.  Hearing,  i.  524,  525.  Sight,  i. 
604-607.  Locomotion  on  solids,  i.  226  ; 
in  fluids,  i.  233  ; in  air.  i.  235.  Voice,  i. 
271,  272 

Ant-eaters,  salivary  glands  in.  ii.  12S 
Antiperistaltic  action,  ii.  50 
Antlers  of  stag,  development  of,  ii.  287 ; 
falling  of.  ii.  288 

Aorta,  i.  29, 31.  In  Reptiles  and  Amphibia, 
ii.  266.  Primitive,  ii.  634,  636,  6:  7.  611 
Aortic  arch  in  Man  and  Mammalia,  ii. 
266.  In  Birds,  ii.  267.  — Arches  in 
Reptiles,  ii.  26«b  267 
Aphides,  reproduction  of,  ii.  583,  585 
Apnoea,  i.  447 
Appetite,  i.  444 

Aquatic  breathers,  ii.  403.  — Respiration . 
ii.  403,  496-502 
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Aqueous  humour,  i.  n42,  544.  555 ; ii.  623 
Arachnida.  Digestive  organs  and  glands, 
ii.  141,  145.  Cii*culation.  ii.  274.  Renal 
organs,  ii.  304.  Respiration,  ii.  494,  500. 
Touch,  i.  472,  474.  Hearing,  i.  525. 
Sight,  i.  606.  Locomotion,  i.  226.  Ker- 
vous  system,  i.  421,  422 
Arachnoid  membrane,  i.  21,  295 
Arantii,  corpus,  ii.  192, 194 
Arbor  vitce,  or  tree  of  life,  i.  307 
Arches,  arterial,  ii.  636.  Branchial,  or 
visceral,  ii.  624 
Arcus  senilis,  ii.  668 

Area,  germinal,  ii.  606.  Opaca,  ii.  607. 
Pellucida,  ii.  t07.  Vitelline,  ii.  607. 
Vascular,  ii,  610,  633 

Areolar  tissue,  i.  13,  43.  Intermuscular, 
ii.  646,  663 

Aristotle,  lantern  of.  ii.  128, 

Arm,  adaptations  of,  i.  239 
Arterial  arches,  ii.  636.  — hbod  (see 

Blood).  — bulb  of  fishes,  ii.  267. 
Arteries,  i.  IS,  111.  Development  of,  ii. 
656.  Influence  of,  on  circulation,  ii.  222. 
Elasticity,  ii.  222,  223,  225.  226.  Vital 
contractility,  ii.  223,  224.  Tone,  ii.  224, 
225.  Character  of  cuiTent  in,  ii.  225. 
Branchings,  bendings,  and  anastomoses, 
ii,  226,  227.  Rate  of  motion  of  blood  in 
different,  ii.  228 ; slower  in  more  distant 
arteries,  ii.  228,  229.  Blood  pressure,  ii. 
229-234.  Modified  by  respiration,  ii.  232, 
233.  Effect  of  division  of  sympathetic, 
on,  ii.  234.  Pulse,  ii.  235,  242.  Ratio 
between  dilation  and  contraotion  of,  ii. 
240,  241.  In  Mammalia,  ii,  265.  Struc- 
ture of,  i.  57.  Oraphalo-mesenteric,  ii. 
610.  634.  Umbilical,  ii.  614,  635,  639. 
Vitelline,  ii.  634.  Primitive,  ii.  636.  'Ey- 
pogastric,  ii,  635,  639.  Mode  of  closure, 
ii.  314 

Arthrodia,  or  planiform  joints,  i.  1 90 
Articulata,  General  characters,  i.  121,128 
Articulations,  i.  187 

Artificial  cii'culation,  ii.  481.  — respira- 
tion, ii.  478-481 

Arytenoid  cartilages,  i.  250.  — muscles,!. 
252,  258  ; ii.  424 

Ascidiotda.  Digestive  glands  and  organs, 
ii.  140,  144.  Circulation,  ii.  273.  Re- 
spiration, ii.  500.  Hearing,  i.  524.  Sight, 

i.  604,  Locomotion,  i.  233.  Nervous 
system,  i.  420.  Reproduction,  ii.  582. 

Asphyxia,  ii.  473.  Essential  characters, 

ii.  473.  Death  from,  ii.  473-475,  666. 
Recovery  from,  ii.  480.  Treatment  of, 
ii.  479,  480,  481.  Cutaneous,  ii.  401 

Aspirator,  ii.  513 

Assimilation.  Primary,  ii.  276.  Secondary, 
ii.  276.  Nutritive,  a metabolic  effort, 
ii.  280 

Assimilative  glands,  ii.  320 
Asthma,  ii.  430 
Asrigmatism,  i.  565 

Atmosphere,  Composition  of.  ii.  437,  43S 
Atrophy,  ii.  285,  Senile,  ii.  668,  Of  Muscle, 
i.  162 
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Attention,  i.  376 
Automatic  acts,  i.  347,  385 
Auditory  organs  (see  Hearing).  — nerve, 
i.  315,  508,  521.  — vtsicles,  ii.  622 
Auricle,  or  pinna,  i.  500,  512 
Auricles  of  heart,  ii.  189, 193 
Automatic  movements,  i.  385 
Awaking,  causes  of,  i.  398 
Axile  bodies,  or  tactile  corpuscles,  i.  454 
Axis-cylinder  of  nerve,  i.  54 
Azote,  ii.  457  (see  Nitrogen) 

Azotised  constituents  of  the  body,  i.  SI , 97 


T)ABYROUSSA,  tusk  of,  ii.  121 
Bacteria,  ii.  581 

Balance  of  body  maintained,  i.  212 
Bartholin,  duct  of,  ii.  55 
Basement  membrane,  i.  68,  ii.  659 
Basis  of  support  of  body,  i.  197 
Batrachia  (see  Amphibia) 

Bat,  flight  of,  i.  234 
Bauhin,  valve  of,  ii.  48 
Beef-tea,  preparation  and  contents  of,  ii. 
114 

Bellini,  tubes  of,  ii.  369 
Beverages,  ii.  10 

Bilateral  action  of  the  nervous  system,  i. 

395 

Bile.  i.  111.  Non-elimination,  ii.  356. 
Source  and  composition,  ii.  65,  354.  Se- 
cretion, constant,  ii.  74  ; effect  of  injurj' 
of  vagus  nerve  on,  ii,  355,  356.  Hepatic, 
ii.  74.  Cystic,  ii.  75.  Constituents  of, 
75,  76,  77.  Peitenkofer’s  test  for,  ii.  76. 
IT.-cs  of,  ii.  356.  Action  of,  ii.  95-97  ; 
nnti-putrescent.  ii.  97 ; excrementitious, 
ii.  96,  355  ; on  fat,  ii.  96,  97.  Supple- 
mentary non-chemical  uses,  ii.  96, 
Scanty  and  excessive  supply,  ii.  96. 
Present  in  lower  part  of  small  intestine, 
ii.  103.  Specific  gravity,  ii,  75.  De- 
composition, in  intestines,  ii.  98.  Portal 
blood  essential  to  formation,  ii.  354.  Not 
preformed  in  blood,  ii.  355.  Source  of 
acids  and  colourine  matters,  ii.  355 
BiJifulvin.  i.  83,  ii.  77 
Bilin,  ii.  76 
Biliphasin,  ii,  77 
Bilipyrrhin.  ii.  77 
Biliverdin,  i.  83  ; ii.  77 
Bill,  different  shape  of,  in  Birds,  ii.  117,118 
Binocular  parallax,  i.  580 
Birds.  Prehension  of  food,  ii.  117.  Bills, 
ii.  117.  Jaws,  ii.  127.  Salivary  glands, 
ii,  128.  Pharynx,  ii.  129.  Crop,  or  in- 
gluvies,  ii,  134, 135, 136.  Proventriculns, 
ventriculussuccenturiatns,  or  true  glan- 
dular stomach,  ii.  135,  136.  Gizzard, 
gigerium,  ventriculusbulbosns,  third  of 
muscular  stomach,  ii.  135,  136.  Pyloric 
valve,  ii.  135.  Heat  of,  ii.  504.  intes- 
tines, ii.  135, 136.  Integuments,  i.  473. 
Ileo-cjecal valve, absent, ii.  135.  Caecum, 
usually  double,  ii,  137  ; — vitelline,  ii. 
137,  610.  Cjeca  sometimes  wanting,  ii, 
137.  Cloaca,  ii.  137.  Bursa  Fabricii, 
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1ST.  Esophagus,  ii.  13-i.  Liver,  ii.  144. 
Gall-bladder,  ii.  146.  Pancreas,  ii.  146, 
147.  Lymphatic  system,  ii.  186.  Portal 
circulation,  ii.  265.  Heart,  ii.  264,  265. 
Aortic  arch,  ii.  266.  Spleen,  ii.  342. 
Supra-renal  bodies,  ii.  342.  Thyroid 
body,  ii.  342.  Thymus  gland,  ii.  343. 
Kidneys,  ii.  392.  Thorax,  ii.  488,489. 
Lungs  and  respiration,  ii.  489.  Air-sacs, 
ii.  489,  490.  Bones,  air-cavities  in,  ii. 
490.  Temperature  of,  ii.  504.  Touch,!. 
471,472.  Taste,  i.  483.  Smell,  i.  498. 
Hearing,  i.  522.  Sight,  i.  599,  600.  Lo- 
comotion on  solids,  i.  222-224  ; in  fluids, 
1.  228,229;  in  air,  i.  235-239.  Voice,  i. 
269-271.  Perching,  i.  223.  Prehension, 
1.  245,246.  Encephalon,  1.  405,  406. 
Cerebrum,  i.  407,  408,  411,  412,  413. 
Corpora  quadrigemina,  i.  412.  Cerebel- 
lum,  i.  413,  414.  Spinal  cord,  i.  415. 
Hypoglossal  nerve,  i.  416 
Bladder,  urinary,  i.  31.  Inversion  of,  ii. 

373,  374.  Walls  of,  ii.  374 
Blastema  or  matrix,  i.  75  ; ii.  642.  643 
Blastoderm,  and  its  three  layei*s,  ii.  606 
Blastodermic  vesicle,  ii.  603 
Blind  spot  of  the  eye,  i.  568,  570 
Blood,  i.  62.  Afflnitj'  for  oxygen,  ii.  455, 
456.  Arterial,  characters  of,  ii.  402, 
444  ; uses  of,  ii.  288.  Buffy  coat,  ii.  305, 
306.  Changes  in  quality,  ii.  288 ; in 
fibrin,  ii.  450 ; in  gases,  ii.  451-462  ; in 
temperature,  ii.  450,  451 ; in  colour,  ii. 
444 ; — cause  of,  ii.  445-449.  Clot,  forms 
of,  ii.  305-307.  Coagulation  of,  i.  65; 
ii.  300-314 ; accelerated,  retarded,  or 
interrupted,  ii.  301,  302,  303,  304,305; 
induced  in  animals,  ii.  304 ; cause  of,  ii. 
307  ; a ^’ital  act,  ii.  307,  308,  S09  ; a 
physical  process  dependent  on  escape  of 
ammonia,  ii.  309,  310  ; rependent  on  the 
colloidal  action  of  fibrin,  ii.  311,  312; 
dependent  on  reaction  between  fluid  and 
solid  constituents,  ii.  312;  depen 'ent 
on  catalytic  action  of  corpuscles,  ii.  312 ; 
dependent  on  influence  of  red  corpus- 
cles,ii.  312,313;  dependent  on  reaction 
of  fibrino-genous  . and  fibrino-plastic 
substances,  ii.  313.  Colouring  matter, 
source  of,  ii.  317,  544  ; effect  of  different 
substances  on,  ii.  445.  Composition  of, 

i.  90.  Constituents  proximate,  i.  90  ; 
continually  changed,  ii.  318  ; uses  of 
parcicular  constituents  of  : — albnmi- 
iioid.  ii.  290  ; extractives,  ii.  293  ; fatty, 

ii.  292  : fibrin,  ii.  291  : gases,  ii.  295  ; 
salts,  ii.  293,  295 ; sugar,  ii.  292.  Ef- 
fete matters  in,  ii.  293.  Corpuscles,  i. 
<;2.  Red  corpuscles,  i.  63;  affinity  for 
oxygen,  ii.  456  ; origin  of,  after  birth, 
ii.  si 5 ; origin  of,  in  embryo,  ii.  657  ; 
decay  of,  ii.  316;  function  of,  ii.  289  ; 
chemical  changes  in,  ii.  316;  collected 
in  spleen,  ii.  316  : quantity  in  animals, 
ii.  289,  518;  absent  in  Amphioxus,  ii. 
264  ; absent  in  non-Vertebrata,  271. 
White  corpuscles,!.  63  ; origin  of,  ii.  314, 
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315;  changed  into  rwl,ii.  316;  in  goitre, 
ii.  327.  328;  futiciion  of,  ii.  iu 

leucesmia,  ii.  323;  development  of,  ii. 
657  ; regeneration  of.  ii.  663  ; size  of,  i. 
77 ; stasis  of  in  inflammation,  ii.  286. 
Cruorin,  where  added  to  corpuscles,  ii. 
316 ; changes  in  colour  during  re-pira- 
tion,  dependent  on  oxidation  447  ; 
scarlet,  ii.  448  ; purple,  ii.  448 ; affinity 
fur  oxygen,  ii.449;  oxygen  chemically 
combined  with.  ii.  450.  Betemiinatimi 
of,  ii.  287.  Development  of,  ii.  63:;.  Ex- 
tractives, i.  91 ; ii.295.  Extravasation  of, 
ii.  296.  Fibrin. i. 90;  office. ii. 291  ; (?)a- 
gulation  is  sometimes  injurious,  ii.  291  ; 
changes  in,  during  repiration.  ii.  450; 
arrificially  formed,  ii.  450  : source  of.  ii. 
317,  544  ; oxidised  in  liv^r  and  kidneys, 
ii.  317  ; splenic  vein  contains  much.  ii. 
317.  Gases  in  100  volumes,  ii.  455, 
Hmmatin  of,  i.  S3  ; producrion,  ii. 
destination,  ii.  2S9.  Halitus,  ii.  3ol. 
Heat  or  temperature,  ii.  5(>4.  Impure, 
action  of,  ii.  318.  Liquor  santruinis,  i.  62; 
fluidity  of,  essential  to  life,  ii.  299, office 
of,  ii.  290,  source  of  its  albumen,  ii. 

316,  amyloid  and  saccharine  mat-ers,  ii. 

317,  creatin  and  creatiniu,  ii.  317.  fatty 
matters,  ii.  317,  fibrin,  ii.  317,  salts  and 
earthy  matters,  ii.  316.  Loss,  orhjemor- 
rhage,  ii.  296  ; effects  of,  ii.  28$.  Micro- 
scopic elements,  i.  62.  Kutrition,  iu 
277.  Nutritive  properties,  how  affected, 
ii.296.  Odour,  ii.  301.  Quantity  in  bodv, 
ii,  26(>-263 ; — projected  through  jiorta 
per  second,  ii.  262  ; — at  each  systole, 
ii.  262  ; — sent  through  kidneys,  ii.  366. 
Ratio  between  blood  and  body  in  Man, 
ii.  260,  262  ; in  animals,  ii.  261.  Respi- 
ratory changes,  ii.  444—450.  Spectrum 
analysis,  ii.  447.  Transfusion,  ii.  297. 
Uses  of,  and  of  its  circulation,  ii.  263, 
264 ; in  nutrition,  ii.  275,  2S7.  Venon.s, 
characters  of,  i.  90 ; ii.  282,402, 444.  Of 
animals,  ii.  289,  518  ; of  Amphioxus,  ii. 
264,271;  of  Non-vertebrata.  ii.  271 ; cor- 
puscles, coloured,  i.  63  ; white,  i.  64 ; 
red  (size  of),  i.  77. 

Blood-glands  absent  in  Non-vertebrata,  ii. 

343  (see  Ductless  Glands). 

Bloodvessels  of  Non-vertebrata,  ii.  27 1 . Of 
liver,  in  animals,  ii.  145.  Regeneration 
of,  ii.  663.  Development  of,  ii.  633.  656. 
Structure  of,  i.  57  ; arteries,  i.  57  ; veins, 

i.  58 ; capillaries,  i.  59. 

Body,  Human.  Effects  of  cold  on.  ii.  .'•(•T- 
509;  of  heat  on,  ii.  509-512.  Electricity, 

ii.  527.  Heat.  ii.  504—521,  Lumincus- 
ness,  ii.  524.  Statics,  ii.  532.  Dynamics, 
ii.  550.  Stature,  ii.  533.  Weight,  ii. 

533.  Temperature,  ii.  504— 521.  Specific 
gravity,  ii.  532.  Height,  ii.  533.  Pro- 
poruons  of  proximate  constituents,  ii. 

534.  Transformation,  substance  of,  ii. 
537.  Chemical  changes,  sum  of,  in.  ii. 
f>46.  Compared  with  a machine,  ii.  554, 
560,  Growth  of,  ii.  664.  Decay  of,  ii. 
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6G5.  Height  of,  at  birth,  ii.  664.  "Weight 
of,  at  birth,  ii.  664 

Bone,  i.  46,  185.  Composition  of,  i.  8S. 
Primary,  ii.  649,  652.  Secondary,  ii. 
649.  Development  of,  ii.  648.  Rejiara- 
tion  of,  ii.  663 

Bones,  i.  lOS.  Adaptation  to  purposes 
served  by  them,  i.  185.  Air-cavities  of, 
in  Birds,  i.  236  ; ii.  490.  Long  bones, 
development  of,  ii.  651 
Bonnet,  of  Ruminants,  ii.  130 
Botal,  duct  of,  ii.  270,  641 
Brachiopoda,  digestive  organs  of,  ii.  140. 
Digestiv^e  glands,  ii.  144.  Circulation, 
ii.  273.  Respiration,  ii.  500 
Brain,  i.  23,  108.  294.  Mode  of  ascertain- 
ing composition  of  white  substance,  i. 
87.  Parts  of,  i.  297.  (See  those  parts.) 
Size  and  weight  of,  i.  296.  Develop- 
ment of,  ii.  616,  620.  Supply  of  blood, 
to,  i.  296,  ii.  256 

Branchice,  ii.  403,  497.  Of  Amphibia,  ii. 
497.  — Fishes,  ii.  498.  — Mollusca,  ii. 
499.  — Annulosa,  ii.  500,  501 
Branchial  arches,  ii.  624.  —clefts,  ii.  624, 
— arteriesof  Fish,  ii.267.  — vesselssup- 
plying  gills  of  Fish,  ii.  498.  — arterial 
* arches  of  Amphibia,  . — sacs,MoUus- 
coidft,  ii.  500.  — heart  of  Fish,  ii.  267 
Branchiated  or  water-breathing  Yerte* 
brata,  ii.  264 

Bright's  disease,  urine  in,  ii.  375,  390 
Breath  (see  Respiration) 

Breathing  air,  ii.  432,  433 
Bronchi,  i.  29  ; ii,  405,  406 
Bronchia,  or  bronchial  tubes,  i.  29  ; ii.  410 
Bronchial  sounds,  ii.  426.  — vessels,  ii. 
414 

Brunner’s  glands,  ii,  80 
Buds,  animal,  ii.  582 
Biiffy  coat,  ii.  305 

Bulbus  arteriosus,  development  of,  ii.  634 

Butter-milk,  ii.  359 

Butyric  acid,  i.  86 

Byssus  of  Lamellibranchiata,  ii.  395 


pA.DAYERTC  rigidity,  i.  175  ; ii.  669 
^ Caducibrancluace  Amphibi  I,  respira- 
tion in,  ii.  498,  499 

Cmcum,  i.  33  ; ii.  46.  Absent  in  certain 
Mammalia,  ii.  134,  Usually  present 
and  double  in  Birds,  ii.  137.  Absent  in 
Crocodile,  ii,  137.  Sometimes  present 
in  Fishes,  ii.  138.  — vitelline,  ii.  610 
Caillet  of  Ruminants,  ii.  130 
Calamus  scriptorius,  i.  309 
Calculi,  urinary,  ii.  386,  387 
Calorescence,  i.  548 
Calories,  ii.  556 

Calorific  food,  ii,  6,  537,  547,  5G1.  — rays, 
i.  548.  — work  of  body,  ii.  555,  558 
Calorimetry,  ii.  512 
Calorimeters,  ii.  512,  513 
Calyces  of  kidney,  ii.  368 
Calyx  of  ovary,  ii.  591 
Camel,  water-cells  of,  ii.  130 
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Camera  obsenra,  i.  553 
Canal  of  Wirsung,  ii.  78 
Canals,  portal,  ii.  71.  — semi-circular,  i. 
506 

Canaliculi  of  bone,  i.  47  ; ii.  650 
Cancer,  ii.  285 

Capillaries,  srructure  of,  i.  59,  Length 
of  systemic,  ii,  259.  Development  of, 
ii.  656 

Capillary  circulation,  ii.  242-247.  Cause, 
ii.  243.  Theories,  ii.  243,  244.  Pheno- 
mena, ii.  245.  Still  layer  of,  ii.  245. 
Rate  of  motion  of  blood  in  systemic,  ii, 
246  ; in  pulmonary,  ii.  247.  Retardation 
of  blood  in,  ii.  247.  Resistance  in,  ii.  248 
Caproic  acid,  i.  86 
Capsules  of  the  kidney,  ii,  396 
Garbhydrates,  ii.  6.  Destination  of,  ii, 
541.  In  relation  to  heat,  ii.  561  : to 
work,  ii>  561,  Necessity  for  in  work, 
ii,  573 

Carbon,  a source  of  animal  heat,  ii.  514. 
Daily  excretion  of,  ii.  516.  Relation  of 
to  animal  heat,  ii.  558 
Carbonic  acid,  i.  115.  Quantity  in  atmo- 
sphere, ii.  438  ; in  venous  and  arterial 
blood,  ii.  451,452.  Daily  excretion  of, 
ii.  516,  517.  Eliminated  in  respiration, 
ii.  439-443.  Quantity  determined,  ii. 
439-442;  — modified,  ii.  463-469,  517. 
Destructive  to  life,  ii.  482.  Injurious  in 
small  quantities,  ii.  482.  Diffuses  from 
blood,  ii.  457,  Effects  of  breathing  it, 
ii.  472  ; appearances  after  death,  ii.  473 
Caries,  ii.  665 

CAiixivoRA.  Digestive  organs,  ii.  116, 130, 
134.  Digestive  glands,  ii.  144,  146. 

Supra-reual  bodies,  ii.  342.  Mammary 
glands,  ii.  363.  Kidneys,  ii.  392.  Re- 
spiration, ii.  488.  Touch,  i,  471.  Taste. 

i.  483.  Smell,  i.  497.  Sight,  i.  598,5991 

Locomotion,  i.  222.  Prehension,  i. 
244,  245.  Cerebrum,  i.  407,  409,  410, 
411.  Cerebellum,  i.  414.  Cox-pora 

quadrigemiua,  i.  412 

Carnivorous  Animals,  digestive  organs  of, 

ii.  116.  Destination  of  food  in,  ii.  546, 
Respu'ation  in,  ii.  518.  Oxygen  ab- 
sorbed by,  ii.  439 

Cartilage,  i.  12,  45  : ii.  648,  663.  Compo- 
sition, i.  88.  Precursory,  ii.  649,  Ossi- 
fying, ii.  649 
Caruncle,  i.  528 

Casein,  i.  83.  Formation  and  use,  ii.  360, 
544 

Castor  of  the  beaver,  ii.  395 
Casts  in  urine,  ii.  373,  390 
Catalepsy,  ii.  669 
Caterpillar,  ii.  587 
Cathelectrotouus,  i.  285 
Cauda  equina,  i.  320  ; ii,  619 
Cavities  of  the  Body  and  contained  organs, 
i.  19.  Abdomen,  i.  31.  Chest,  i.  27, 
Skull  and  spinal  column,  i.  19.  Face, 
i.  26.  — of  reserve  (teeth),  ii.  628,  269. 
Hfemal,  i.  134  ; ii.  60S,  Neural,  i, 
134  ; ii.  608, 
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Cell.  Germ-,  ii.  583  589,642.  Sperm-,  ii. 
583,589,642.  — theory, ii.  642.  — nuclei 
and  nucleoli,  ii.  643.  — force,  ii.  643, 

646.  — life,  ii.  643.  — development  and 
frrowth,  ii.  643,  644.  — division,  ii.  604, 
644 

Cells,  Animal,  ii.  641 ; structure  of,  ii. 
643  ; origin  and  development  of,  ii.  643  ; 
by  various  modes,  ii.  644 ; metamor- 
phosis of,  ii.  644  ; compared  with  vege- 
table, ii.  646.  Vegetable,  structure  of, 
ii.  642 

Cellular  tissue,  i.  43 
Cement,  ii.  17 

Central  canal  of  spinal  cord,  i.  313.  — grey 
commissure  of  spinal  cord,  i.  312. 

Centre  of  gravity  of  the  body,  i.  197 
Cephalopoda.  Digestive  organs,  ii.  139. 
Digestive  glands,  ii.  129,  144.  Circula- 
tion, ii.  272,  Renal  organs,  ii.  394.  Re- 
spiration, ii.  499.  Touch,  i.  472.  Taste, 
i.  484.  Smell,  i.  499.  Hearing,  i.  524. 
Sight,  i.  603.  Locomotion,  i.  233 
Cerebellum,  i.  23,297,307.  Parts  of, i.  307. 
Fibres  of,  i.  308.  Functions  of,  i.  363, 
Of  Mammalia,  i.  413,414.  Birds,  i.  413, 
414;  experiments  on,  i.  363.  Reptiles, 
i.  413,414.  Amphibia,  i.  413, 414.  Fishes, 
i.  413,  414 

Cerebral  hemispheres,  i.  299.  Develop- 
ment of,  ii.  621.  — lobes  in  Fishes,  i. 
408,412.  — peduncles,  i.  297;  functions 
of,  i.  358.  — vesicles,  ii.  616,  619 
Cerebric  acid,  i.  85  ; ii.  114 
Ccrebro-spinal  axis,  i.  294  ; effects  of  irri- 
tation of,  ii.341.  — nerves,  i.313;  func- 
tionsof,  i.327.  — nervous  system,  i.  294; 
summary  of  functions,  i.  380 
Cerebrum,  i.  23,  297,  298.  Convolutions, 
i.  301.  Cortical  substance,  i.  302,  367. 
Fibres,  i.  303.  Fissures,  i.  299,  300. 
Hemispheres,  i.  24  , 292  , 372.  Lobes,  i. 
300.  Medullary  substance,  i.  303,  Pe- 
duncles, i.  297,  357.  Ventricles,  i.  299, 
306.  Action  on  the  muscles,  i.  375. 
Experiments  on,  i.  370.  Functions,  i. 
167.  In  Mammalia,  i.  40C-40S,  408-411, 
412,  413;  Birds,  i.  407,  408,  411,412, 
413  ; Reptiles,  i.  407,  408,  411,  412,  413  ; 
Amphibia,  i.  407,  408,  411,  413  ; Fishes, 

i.  407,  408,  411,  412,  413.  Development 
of.  ii.  620,  621 

Cerumen,  or  ear-w-ax,  i.  501 
Cetacea.  Digestive  organs,  ii.  133,  134. 
Digestive  glands,  ii.  128,  146.  Supra- 
renal bodies,  ii.  342.  Mammary  glands, 

ii.  363.  Kidneys,  ii.  392,  Re-pii'ation, 
ii.  4SS.  Touch,  i.  471.  Taste,  i.  483. 
Smell,  i.  497.  Hearing,  i.  522,  Sight,  i. 
.598.  599.  Locomotion,  i.  222.  228.  Voice, 
i.  269.  Cerebrum,  i.  410.  Retia  mii*a- 
bilia,  in.  ii.  477 

Chalazee,  ii.  594,  596 
Chalk-stones  in  gout,  ii.  SSI 
Cheeks,  ii.  25 

Ceeiroptera.  Digestive  organs,  ii.  130, 
133,134.  Sight,  i.  598.  Locomotiou,  i. 
222,  234.  Cerebrum,  i . 407 
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Chemical  changes  in  body,  sum  of,  ii. 
546.  Relation  of,  to  heat  ii.  558.  — of 
air,  in  respiration,  ii.  435,  444.  — of 

blood,  ii.  451-462.  — force,  relation  to 
heat  and  work,  ii.  556-8.  — composition 
of  the  body,  i.  SO ; of  constituents  of 
(see  Constituents).  — processes  of  diges- 
tion, ii.  82  ; in  animals,  ii.  148 
Childhood,  ii.  665 
Cholalic  Acid,  i.  85 ; ii.  76 
Cholepyrrhin,  ii.  77 
Cholesterin,  i.  86 
Cholic  or  Glycocholic  Acid,  i.  S-5 
Chondrin,  i.  82  ; ii.  544 
Chorda  dorsalis,  ii.  607,  $48  ; changes  in, 
ii.  616 

Chorion,  iL  594  , 599,  612 
Choroid,  i.  531,  537 
Chromatic  aberration,  i.  552,  556 
Chrysalis,  ii.  587 

Chyle,  i.  67,  111 ; ii.  156,  182.  Compo.^i- 
tion  of,  i.  92.  Molecular  basis  of,  i. 
Causes  of  Motion  of,  ii.  181,  182.  In 
animals,  ii.l87 
Chylification,  i.  Ill ; ii.  276 
Chyme,  i.  Ill  ; ii.  9;l-95;  a product  of 
digestion  and  absorption,  ii.  95 
Chymification,  i.  Ill  ; ii.93,  94 
Cicatricula,  ii.  592,  593,  597,  604,  606 
Cicatrisation,  ii.2S6 

Cilia,  i.  73,  177. 178.  Movementsof.  i.  179  ; 
velocity,  i.  179  ; effects,  i.  179;  con- 
tinuance of,  i.  180 ; occurrence  in  man, 
i.  177  ; — in  animals,  i.  178.  Size,  i.  178. 
Vses,  general,  i.  181 ; in  air-tubes,  ii. 
423  ; in  aquatic  respiration,  ii.  501, 502 ; 
in  tubuli  uriniferi  of  cold-blooded  Ver- 
tebrata,  ii.  393 

Ciliary  ligament,  i.  537.  — muscle,  i.  538, 
— processes,  i.  538 
Circles  of  dissipation,  i.  552 
CiuccLATiox,  i.  HI.  ii.  187,  Course  ar.d 
causes  of,  ii.  200-203,  204.  Pulmonan , 

i.  112;  ii.  201.  Systemic,  i.  112;  ii. 

200.  Portal,  ii.  69.  Discovery  of.  ii. 

201.  Through  heart,  ii.  204,  205 ; arte- 
ries, ii.  222-234 : capillaries,  ii.  242-247  ; 
veins,  ii.  247-257.  Effect  of  ^vity  on, 

ii.  254.  Peculiarities,  portal,  ii.  255;  cra- 
nial, ii.  256  ; pulmonary,  iL  256,  257. 
Period  of  a complete,  ii.  257-260.  Re- 
lation between  frequency  of  pulse  and 
period  of  circulation,  ii.  258.  259  ; — in 
Man,  ii.  259  ; in  Mammalia, ii,  264,  265, 
in  Birds,  ii.  265  ; in  Reptiles,  ii.  265-267; 
in  Amphibia,  immature,  ii.  268-270  ; 
in  Perennibranchiata.  ii.  270;  in  Pishes, 
ii.  267,  271  ; in  Amphioxus,  ii.  270 ; in 
Lepidosiren,  ii.  270;  in  Mollusca,  iL  272 ; 
Molluscoida,  ii.  273;  Annulosa.  ii.  273, 
274;  Annuloida.  ii.  274;  Coelentcrata,  ii. 
275 ; Protozoa,  ii.  275.  Embryonal,  first, 
ii.  638;  second,  ii.  639.  Allantoid  or  pla- 
cental, ii.  6,639.  Foetal,  ii.  638.  Change 
in,  at  birth,  ii.  640.  Double,  completed, 
ii.  641.  Artificial,  ii.  4S1. 

I Giairvoyanoe,  i.  403 
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Classification  of  Animals,  changes  in,  i. 
122 

Cleavage  of  yolk,  ii.  603 
Cleft  palate,  ii.  625 
Clefts,  branchial  or  visceral,  ii,  624 
Clicking  sounds  in  speech,  i.  268 
Climate,  effects  of,  on  animal  heat,  ii. 
505 

Cloaca,  ii.  593.  In  Birds,  ii.  137  ; in  In- 
sects, ii.  140  ; in  Reptiles,  ii.  138  ; in 
Amphibia,  ii,  138  ; in  ilonotremata,  ii. 
134 

Clot,  or  Coagulum,  of  blood,  i.  65  (see 
Blood) 

Coagulation  of  blood,  i.  65  (see  Blood) 
Coagulnm  of  blood,  i.  65  (see  Blood) 
Cochlea,  i.  506,  519.  Functions  of,  i.  519, 
Development,  ii.  623 
Coefficient  (mechanical)  of  heat,  ii.  556 
CcELENTERATA.  Reproduction  of,  ii.  582, 
Ova  of,  ii.  601.  General  characters  and 
classes,  i.  129.  Nervous  system  and 
nervous  actions,  i.  424.  Luminosity,  ii, 
526,  Digestive  canal,  ii.  142.  Formation 
of  bile  in,  ii.  145.  Circulation,  ii,  275. 
Renal  organs,  ii.394.  Respiration,  ii.  501. 
Hearing,  i,  525.  Sight,  i.  607.  Touch, 

i.  473, 474.  Locomotion  in  fluids,  i.  233. 
Prehension,  i.  246  ; — of  food,  ii.  119 

Cold,  effects  of,  on  llan,ii.  507  509.  Power 
of  resisting,  ii.  508 
Cold-blooded  Animals  (see  Animals) 
Colloid  bodies,  ii.  84, 162.  Bnergia  pecu- 
liar to,  ii.  163,  Effects  of,  in  nutrition, 

ii.  280 

Colon,  i,  43  ; ii.  45 

Colostrum,  ii.  357.  Corpuscles  of,  ii.  358. 

Chemical  composition,  ii.  358 
Colour-blindness,  i.  595 
Colour-top,  i.  588 

Colouring  matter  of  blood  (see  Blood) 
Colours,  i.  548 
Coma,  death  by,  ii.  667 
Combustion,  spontaneous,  ii.  523.  — of 

respiration,  ii,  457-461. 

Coraplemental  air,  ii.  432,  433 
Complementary  colours,  i,  548 
Conductility  of  nerve-fibres,  i.  102,  272 
Conduction  of  sounds,  i. 

Congelation,  effects  of,  ii.  509 
Conjunctiva,  i.  527 

Connective  tissue,  i.  42;  ii.  646,  663. 
Areolar  form,  i,  42.  Fibrous  form,  i. 
43.  Composition,  i.  88.  Corpuscles  of, 
ii.  647 

Consensual  or  Sensori-motor  actions,  i. 
382 

Consonants,  i.  267 
Constants,  physiological,  ii.  531 
Consciousness,  i.  376;  — is  inexplicable,  i. 
425 

Constituents  of  the  body,  i.  80.  Proxi- 
mate composition  of,  i.  95, 96.  intimate 
composition  of,  i.  94,  100 
Continuous  growth,  ii,  283,  662 
Contraction,  idio-muscular,  i.  157.  — neu- 
romuscular, i.  157.  — of  muscle,  condi- 
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tions  of,  i.  161  ; force  of,  i.  161 ; pheno- 
mena of,  i.  158  ; peculiarities  of,  i.  160 
Convolutions  of  the  cerebrum,!.  301 
Coprolites,  reptilian,  ii,  138 
Corium,  i.  451 

Cornea,  i.  531,  537,  555,  Supposed  vessels 
of,  ii.  243 

Cornua  of  lateral  ventricles,  i.  306 
Corpora  amylacea,  ii.  335,  — dentata  of 
cerebellum,  i.  307 ; of  medulla  oblong- 
ata, ii.  310.  — geniculata,  i.  305  ; func- 
tions of,  i.  359.  — olivaria,  ii.  309  ; — 
development  of,i,  305  ; ii.  620 ; functions 
of,  i.  358 

Corpus  Arantii,  ii.  192, 194.  — callosum,  i. 
299,  303  ; ii.  621.  — luteiim,  ii,  50«. 

— striatum,!.  304 ; ii.621;  functions  of, 

i.  360 

Corpuscles.  Blood,  i,  62  (see  Blood). 
Bene,  i.  47.  Lymph,  i.  67.  Nervous 
matter,  i.  52.  Pacinian,  i.  455.  Tac- 
tile, i.  57, 454.  Salivary,  ii.  57 
Correlation  of  forces,  i.  438;  ii.  551,  552, 
579 

Cortical  sub-tance  of  cei*ebellum,  i,  .307  ; 

of  cerebrum,  i.  302  ; of  kidney,  ii.  368 
Cotyledons,  ii.  614 
Cotyloid  cavities,  i.  191 
Coughing,  i.  382  ; ii.  430 
Coup-de-soleil,  ii.  511 
Cranial  vertebne,  i.  21.  — nerves  (see 

Nerves) ; — of  Yertebrata,  i.  416 
Craniology,  i.  369 

Cranium  and  its  bones,  i.  7, 19.  Circula- 
tion in,  ii.  256 
Cream,  ii.  359 

Creatin,  i.  85, 98.  — of  urine,  ii.  382 
Creatinin,  i.  85,  98.  — of  urine,  ii.  382 
Crepitation  of  lung,  ii.  407 
Cretinism,  ii.  328 

Crop  in  Birds,  ii.  134  ; use  of,  ii,  135, 136 
Cruorin,  i.  83  (see  Blood) 

Crusta  petrosa,  ii.  17  ; ii.  628 
Crustacea.  Digestive  organs,  ii.  141. 
Digestive  glands,  ii.  145.  Circulation, 

ii.  273,  Respiration,  ii.  500.  Touch,  i. 
472,  474.  Smell,  i.  499.  Hearing,  i.  525. 
Sight,  i.  606.  Locomotion,  i.  226,  233. 
Reproduction  of,  ii.  583,  585 

CiTiug,  ii.  431 

Crystalline  lens,  i.  542,  555  ; ii.  622 
Crystalloid  bodies,  ii.  84,162.  — converted 
into  colloids  in  vegetables,  ii.  346. 

— escape  in  excretions,  ii.  345 
Crystals  from  blood,  i.  S3 
Curd,  ii.  359 

Cutaneous  asphyxia,  ii.  401.  — glands  and 
excretion  (see  Skin  and  Perspiration). 

— excretion  in  animals,  ii.  401 
Cuticle,  i.  449 

Cutis  vera  or  true  skin,  i.  449.  Structure 
of,  i.  451 

Cuvier,  ducts  of,  ii.  637 
Cystic  duct,  ii.  70.  Mechanical  effect  of 
spiral  folds  in,  ii.  75 
Cysticerci,  ii.  586 
Cystoplasts,  i.  75;  ii,  643 


678 


INDEX 


DAL 


DEC 


T\ALTONISSI,  or  Colonr-blindoess.  i.  595 
Daphnia,  reproduction  of,  ii.  583 
Dazzling,  i.  589 

Death,  i.  105 ; ii.  664,  665.  Somatic,  ii. 
665.  Molecular,  ii.  286,  665.  Climac- 
teric, ii.  66<).  Prom  syncope,  ii.  666 ; 
asphyxia,  ii.  666  ; coma,  ii.  667 ; old 
age,  ii.  668.  Si^s  of,  extemal,  ii.  668 ; 
positive,  ii.  669.  Apparent,  ii.  669, 
Eifect  of  on  animal  heat,  ii.  506,  507 
Decay,  ii.  665,  668 
Decidua  vera  and  refiexa,  ii,  598 
Decussation  of  pyramids  of  medulla  ob- 
longata, i.  309.  — of  optic  nerves,  i. 

306,  314,  579 
Defcecation,  ii.  11 
Degeneration,  ii.  2S5 

Deglutition,  i.  110  ; ii.  27—35.  First  stage, 
ii.  27-29  ; second  stage,  ii.  29—12 ; third 
stage,  ii.  32-34.  Stages  regulated  by 
nervous  system,  ii.  34,  35.  In  animals, 
ii.  129,  130 

Dendro-dentine,  ii.  125 
Dental  arch, ii. 14;  — pulps, ii.  15.  — sacs, 
ii.  627.  — groove,  ii.  627.  — papillae,  ii. 
627.  — follicles,  ii.  627.  — glands,  ii. 
661.  — tissues,  i.  15  ; ii.  628,  660 
Denticles  of  the  Non-vertebrate  animals, 
ii,  127 


Dentine,  ii.  15,  628,  660 
Determination  of  blood,  li.  287 
De\t=:u)PJIEXT,  i.  117  ; ii.  275,  603.  Meta- 
bolic and  metamorphic,  ii.  280.  — of 
tissues  generally,  ii.  641,  separately,  ii. 
646.  Adipose,  ii.  647.  Bone,  ii.  648. 
Cartilage,  ii.  648 ; articular,  ii,  652. 
Connective,  ii.  646.  Dentai,  ii.  660. 
Elastic,  ii.  647.  Epidermoid,  ii.  659. 
Epithelial,  ii.  659.  Fibro-cartilage,  ii. 
<48.  G-landular,  ii.  659.  Muscular,  ii. 
654.  Nervous,  ii.  655.  Bloodvessels, 
ii.  633.  Blood,  ii.  633,  657.  Primitive 
arteries,  ii.  636.  Primitive  veins,  ii. 
637.  Ductless  glands,  ii.  658.  L3*mph, 
ii.  658.  L5Tnphatics  or  absorbents,  ii. 
658.  Thyroid  botly,  ii.  631,  G5S.  Tliy- 
mus,  ii.  631,  658.  Epidermis,  ii.  659. 
Hairs,  ii.  660.  Nails,  ii.  659.  The  Em- 
bryo, general,  ii.  60S;  the  appendages 
of.  608  ; organs  of,  ii.  615.  Skeleton,  ii. 
615.  Brain,  ii.  616.  Heart,  ii.  633,  635. 
Sknll,  ii.  616.  Limbs,  ii.  617.  Muscles, 
ii.  615,618.  Nerves,  ii.  615,  618.  Skin, 
ii.  618.  Nervous  system,  ii.  619.  Spinal 
cord,  ii.  619.  Medulla  oblongata,  ii. 
619.  Cerebrum  and  its  parts,  ii.  620,621. 
Cerebellum,  ii.  620.  Organs  of  Senses, 
ii.  622.  Nose,  ii.  622.  Eye,  ii.  622.  Ear, 
ii.  623.  Face,  ii.  624.  Tympanum,  ii. 
624.  Tympanic  bones,  ii.  624,  625.  Ali- 
mentary canal,  ii.  626.  The  Teeth,  ii. 
627  ; in  Mammalia,  ii.  629.  Digestive 
glands,  ii.  630.  Lungs,  ii.  630.  Liver, 
ii.  630.  Pancreas,  ii.  631.  Spleen,  ii. 
631,  658.  Drinaiy  organs,  ii.  631.  Re- 
productive organs,  ii.  631.  Circulatory 
organs  in  Amphibia,  ii.  26S,  270 


Dextrose  or  dextrin,  i.  86  : — produced  by 
action  of  saliva  on  starch,  ii.  84 
Diabetes  mellitus  (see  Sugar) 

Dialysis,  ii.  160,  163,  164.  Separates 
crystalloids  and  coPoid®,  ii.  164.  Occurs 
in  absorption,  ii.  176  ; in  excretion,  ii. 
346 

Diaphragm,  i.  27.  Action  of,  ii.  417  ; — in 
Mammalia,  ii.  4SS;  in  Bir^,ii.  488,489; 
in  Reptiles,  ii.  491,  Absent  in  Amphi- 
bia, ii.  491 

Diarthroses,  or  movable  joints,  i.  190 
Diastema,  ii.  14,  121 
Dichromism,  i.  596 
Dicbrotism,  or  dichrotal  pulse,  ri.  236 
Dicotyledons,  or  Exogens,  i.  139 
Diencephalon,  u.  619,  620 
Diet,  tables  of,  ii.  563.  Daily,  fi.  536 
Diffusion,  of  gases,  ii.  452,  453.  Law  of, 
ii.  453.  Simple  and  spurious,  ii.  453 
Digestion',  i.  lio ; ii.  1 ; — in  animals,  ii. 
149-151.  Mechanical  processes  of.  ii.  11. 
Chemical  processes,  ii.  82-109.  Artificial, 
ii.  87-93.  Summary  of  chemistry  of.  ii. 
107-109.  Circumstances  which  modify, 
ii.  109-113.  Time  occupied  by,  ii.  92, 9.3. 
Intestinal,  ii.  102-104.  Gastric,  ii.  85- 
95.  Organsof,  in  animals,  ii.  116-148  ; 
chemical  processes  in,  ii.  148-151 
Digestive  fluids,  ii.  53.  Action  of,  ii.  82, 
84.  Artificial,  ii.  87,  88 
Diphyodonts,  ii.  6:10 
DiCEcious  animals,  ii.  584 
Disc,  germinal,  ii.  593, 597,  604.  — proli- 
gerous,  ii.  597 
Disdiaclasts,  i.  51 

Disease,  effect  of  on  Animal  heat,  ii.  506 
Distance,  knowledge  of  i.  583 
Distoma,  reproduction  of.  ii.  587 
Diving  and  divers,  ii.  477,  478 
Dorsal  plates,  ii.  616.  — segments,  ii.  Cl  *5 
Double  consciousness,  i.  402 
Drainage,  importance  of,  ii.  486,  487 
Draught,  in  lactation,  ii.  357 
Dreaming,  i.  400 

Drinking,  ii.  27.  In  Mammalia,  ii.  117 
Dropsy,  ii.  254 

Drowning,  recovery  from,  ii.  479 
Dnim  of  the  ear.  i.  501 
Duct,  cystic  and  hepatic,  ii.  70,  Pan- 
creatic. ii.  78.  Stenonian.  ii.  54.  Rivi- 
nian,  ii.  55.  Wbartonian,  ii.  55.  Of 
Bartholin,  ii.  55.  Common  bile,  ii.  7«», 
Thoracic,  h.  154.  Galactophorous,  ii. 
357.  Pneumatic,  of  fishes,  ii.  493 
Ductless  glands,  i.  74  ; ii.  319.  Actions  of, 
ii.  319,  320.  Development,  ii.  658.  Con- 
sidered generally,  ii.  331-334.  Prepajn 
albuminoid  constituents  of  blood,  ii. 

332.  333.  Form  white  blood  corpuscles 
ii.  333.  Active  in  embryonic  life,  ii. 

333.  Not  essential  to  life,  ii.  334 
Ductus  communis  choledochus,  ii.  70. 

Titelli,  ii.  609,  610.  Arteriosus,  ii.  639, 
641.  Botalli,  ii.  270,  641.  MUlleri.  ii. 
632.  Cuvieri,  ii.  637.  Tenosus,  develop- 
ment of,  ii.  635,  641 
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DUE 

Dnlong  and  Despretz,  Animal  heat,  ii.  613 
Dumbuei^s,  i.  26S 

Duodenum,  i,  33;  ii.  42.  Contentsof,  ii.  104 

Dura  mater,  i.  21,  204 

D>  namics  of  Human  Body,  ii.  532, 550-557 

Dyslyyin,  ii.  98,  545 

Dyspnoea,  i.  447 


T^'^AE,  Ossicles  of,  i.501.  Miiscle=of,  i.  504, 
517.  ExTernal,i.  500.  Internal,  or  laby- 
rinth, i.  505.  IVIiddle,  or  tympanum,  i. 
501.  Development  of,  ii.  623,  624 
Dchinooocci.  Reproduction  of,  ii.  586 
EcHiNODER>fATA.  Digestive  organs, ii.  142. 
Digestive  glands,  ii.  129,  143,  145.  Am- 
bulacral  vessels,  ii.  275.  Respiration,  ii. 
601.  Sight,  i.  G07.  Touch,  i.  472.  Lo- 
comotion, i.  226,  233.  Reproduction, 
ii.  586,  Nervous  system,  i.  424 
Edentata.  Digestive  organs,  ii.  130, 133, 
134.  Digestive  glands,  ii.  145.  Sight,!. 
599.  Locomotion,  i.  222 
Efferent  nerve-fibres,  i.  328,  349 
Egesta,  ii.  11.  Daily  quantity,  ii.  539 
Eggs,  or  ova,  ii.  683.  Of  Bird,  ii.  592,  593; 
shell  of,  ii.  595  ; albumen,  ii.  596  ; yolk, 
ii.  596.  Of  Fishes,  ii.  600.  Of  Amphibia, 
ii.  600.  Of  Reptiles,  ii,  600 
Elastic  tissue,  i.  44 ; ii.  647 
Elastin,  i.  88 

Electric  organs  in  Fishes,  ii.  529-531. 
— work,  of  body,  ii.  555,  577.  — cur- 
rents of  the  body,  i.  170.  — phenomena 
in  nerves,  i.  280.  — relations  of  mus- 

cular tissue,  i,  166 

Electricity,  production  by  respiration,  i. 
115:  by  oxidation,  in  577.  Animal,  ii. 

527- 531 ; in  Man,  ii.  527  ; iu  Fishes,  ii. 

528- 531 

Electro-polarity  of  nerves,  L 283  ; ii.  577 
Electrotonieity  of  nerves,  i.  283 
Elephant,  trunk  of,  i.  245  ; ii.  117.  Tusks 
of,  ii.  120,  121 

Embryo,  evolution  of,  ii.  584.  — cell,  ii. 
605.  — spot,  ii.  606.  Position  of,  in  egg, 
ii.  607.  General  evolution  of,  ii.  608. 
Appendages  of,  ii.  608.  Respiration  of, 
in  Birds,  ii.  612  ; in  Mammals,  iL  613, 
639.  Natritioii  of,  in  Mammal,  i.  613, 
639 ; iu  Birds,  ii.  610.  Birth  of,  iL  615. 
Circulation  io,  first,  ii.  638;  second, 
IL  639 

Emotion,  i.  367,  374,  380.  381,  392 

Emotional  movements,  i.  384 

Enamel,  ii.  16,  17,  Development  of,  ii. 

628,  660.  — organ,  ii.  628,660. 

Enar  throdia,  or  ball  and  socket  joints,  i.l91 

Encephalon,  i.  296.  In  Vertebrata,  i.  405 

Endochorion,  ii.  611 

Endogens  or  Monocotyledons,  i.  1 33 

Endogenous  growth  of  cells,  iL  644 

Endosniometer.  ii.  161 

Endosmosis.  ii.  160,  161 

Endoplast,  ii.  642,  643 

Entoptical  images,  L 593 

Ependyma,  ii.  619 


EYE 

Epencephalon,  ii.  619.  620 
Epidennic  tissue,  i.  72  ; ii.  659,663.  Com- 
position of,  i.  82 
Epidermis,  structure  of,  i.  449 
Epiglottis,  i.  26,  248.  Use  of,  in  degluti- 
tion, ii.  32 

Epiphyses,  development  of,  ii.  651 
Epithelial  cells,  forms  of,  i.  72.  Use  of,  in 
glands,  ii.  347,  348 

Epithelial  tissue,  L 72;  ii.  6"9,6G3.  Com- 
position of,  i.  92 
Equivocal  generation,  ii.  580 
Equivalent,  mechanical,  of  heat,  ii.  556 
Ert*ct  pooture,  adypiation  of  body  to,  i 
207 

Eructation,  ii.  50 

Eustachian  tube,  i.  502.  516  ; development 
of,  ii.  624.  — valve,  ii.  189 
Evolution,  cycle  of,  ii.  587.  Phases  of,  ii. 
588.  — or  transformation  of  embryo 
ii.  584 

Excitability,  property  of  nervous  tissues, 
i.  102,  272 

Excito-motor  acts,  i.  347,  382 
Excreta,  ii.  365.  In  Herbivora.  ii.  546 ; 

Carnivora,  ii.  546.  Daily,  ii.  540 
Excretine,  ii.  105 

ExCRKTio^f,  and  Excretions,  i.  114;  ii. 
343.  Organs  of,  ii.  -344.  Crystalloids 
escape  in,  iL  345,  346.  Influence  of 
epithelium  on,  ii.  347.  Conditions  which 
influence.  iL  348-351.  Effect  of  nervous 
system  on,  ii.  349-351.  Vicarious,  ii.  351. 
Complementary,  ii.  352.  Constant,  in- 
termittent, or  remittent,  ii.  352.  Move- 
ment of  along  the  ducts,  ii.  352.  Renal, 
iL  365,  374-391.  Cutaneous,  395-401. 
Cutaneous  and  renal,  balanced,  ii.  399, 
400  ; in  animals,  iL  401.  — of  carbonic 
acid  by  stomach  and  intestines,  ii.  4(>2. 
Intestinal,  ii.  104,105,365.  Pulmonary, 
436-444 

Exercise,  effect  of,  on  carbonic  acid  ex- 
haled in  respiration,  ii.  465.  Effect  of 
on  animal  heat,  iL  505;  on  exhalation, 
cutaneous,  and  pulmonary,  ii.  398,  436 
Exogens  or  Dicotyledons,  i.  139 
Exogenous  growth  of  cells,  ii.  644 
Exosmosis,  ii.  160, 161 
Expiration,  ii.  421—424.  Elasticity  of 
lungs,  in,  ii.  421.  Muscles  of,  ii.  423, 
424.  Force  of,  ii.  426.  In  Birds,  active, 
iL  489 

Expression  and  gesture  in  Animals,  i.  247. 
In  Man,  L 246 

Extractive  matters,  i.  84  {see  Blood  and 
various  organs) 

Extractum  camis,  ii.  114 
Eye  and  its  appendages,  i.  526-544.  Ad- 
justment to  distance,  i.  557  ; — affected 
by  medicine,  L 561.  Refraction  of  light 
in,  L 554.  Convergence  of,  i.  573.  Func- 
tion of  (see  Sight).  In  animals  (see 
Sight).  Development  of,  ii.  622 
Eyeball,  coats  of,  i.  536.  Movements  of, 
i.  534.  Muscles  of,  i.  533.  Nerves  of, 
i.  536.  Parts  of,  L 531-514 
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Eyebrows,  i.  52<3,  530 
Eyelashes,  or  cilia,  i.  528 
Eyelids,  or  palpebrae,  i.  526,  530.  Deve- 
lopment of,  ii.  623 


li^ACE,  i.  7.  Bones  of,  i.  24.  Development 
of.  ii.  624 

Facial  nerve,  i.  316,  333 

Faeces,  composition  of  ashes  of,  ii.  105 

Fallopian  tube,  ii.  598 

Falsetto  voice,  i.  263 

Falx,  i.  21 

Fat,  absorption  of,  by  veins,  li.  177,  178, 
179  ; bylacteals,  ii.  177,  180.  Action  of 
bile  on,  ii.  96  ; of  pancreatic  fluid  on,il. 
99  ; of  intestinal  juices  on,  ii.  102. 
Fattening  animals,  ii.  542 
Fatty  degeneration,  it.  285 
Fatty  matters,  i.  85.  In  daily  food, 
ii.  536.  Of  body,  quantity  of,  ii.  534. 
Destination  of,  in  body,  ii.  541.  Source 
of,  in  body,  ii.  541,  544.  Essential  to 
nuclear  and  cell  growth,  and  tissue 
formation,  ii.  292.  Fatty  tissue,  i.  45. 
Development  of,  ii.  647 
Fauces,  i.  26, 110,474.  ii.  27 
Fa\n.'e  and  Silbermann  on  Heat  Units,  ii. 
514 

Fenestra  ovalis,  i.  503.  — rotunda,  i.  504 
Ferrein,  tubes  of,  ii.  369 
Fertilisation  of  ovule,  ii.  590.  — of  ovum, 
ii.'GOl 

Feuillet  of  Buminants,  ii.  130 
Fibre-cells,  i.  49 

Fibres  of  cerebellum,  i.  308.  — of  cere- 
brum, i.  303.  — of  muscle,  i.  48-50 
Fibrillse  of  muscles,  i.  50 
Fibrin,  i.  82.  — of  blood  (see  Blood) 
Fibrinogen,  ii,  313.  Fibrino-plastic  sub- 
stance, ii.  313 

Fibro-cartilage,  i.  46  ; ii.  G4S 
Fibrous  tissue.  i.'43  ; ii.  646,663 
Fii*e-flies,  ii.  525 

Fishes.  Prehension  of  food.  ii.llS.  Teeth 
and  jaws,  ii.  124-126,  127.  Pharynx, 
ii.  129.  (Esophagus,  ii.  138.  Stomach, 
ii.  138.  Intestine,  ii.  138.  Appendices 
pyloricfe,  ii.  138.  Spiral  valve  in 
rectum,  ii.  139.  Peritoneal  cavity,  ii. 
139.  Liver,  ii.  144,  Gall-bladder,  ii. 
146.  Pyloric  appendages,  ii.  147.  Pan- 
creas, ii.  148.  Ljunphatic  hearts,  ii. 
186.  Portal  ch'culation,  ii.  268.  Heart, 
ii.  267.  Arterial  bulb,  ii.  267.  Brancbite, 
ii.  403,  498.  Branchial  artery,  ii.  267. 
Air-bladder,  ii.  267,  493.  Benal  portal 
circulation,  ii.  268.  Spleen,  ii.  342. 
Supra-renal  bodies,  ii.  342  Thyroid 
body,  ii.  342,  343.  Kidneys,  ii.  392, 
393.  Gills,  ii.  403,  498.  Touch,  i.  472, 
473.  Taste,  i.  484.  Smell,  i.  498. 
Hearing,  i.  523.  Sight,  i.  601,  602.  603. 
Locomotion  on  solids,  i.  225  ; in  fluids, 
i.  230-233  ; in  air,  i.  234,  235.  Sounds 
made  by,  i.  271.  Encephalon,  i.  405, 
Cerebrum,  i.  407,  40S,  411,  412,  413.  I 
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Cerebellum,  i.  413,  414.  Corpora  bi- 
gemina  or  optic  lobes,  i.  412.  ileduUa 
oblongata  and  spinal  cord,  i.415.  Hypo- 
glossal nerve,  i.  416.  Ova,  ii.  V;00. 
Heat,  ii.  503.  Integuments,  i.  473.  Fly- 
ing fishes,  i.  235.  Electrical  fishes,  ii. 
528-531 

Fission  of  animals,  or  fissiparoos  repro- 
duction, ii.  582-586  ; of  animal  cells, 
ii.  644 

Fissura  Stemi,  ii.  617 
Fissures  of  brain,  x.  299,  301 
Flesh,  or  muscles,  i.  13 
Flesh-fonners,  il.  537,  547,  561 
Flight,  i.  205.  — in  animals,  i.  234 
Fluorescence,  i.  547  ; ii.  526 
Foetal  placenta,  ii.  599, 612, 638.  — circu- 
lation, ii.  639 

Follicles,  i.  70.  Graafian,  ii.  597,  Of 
Lieberkiihn,  ii.  80-82 
Food,  ii.  1.  Nature,  sources,  and  varietie-, 
ii.  2.  Classification,  ii.  3.  Chemical 
constitution,  ii.  3 ; albuminoid,  ii.  3 ; 
gelatinoid,  oleaginous,  amylaceous,  or 
starchy,  gummy,  and  saccharine,  ii.  4 ; 
stimulating,  ii.  4 ; saline,  earthy,  and 
mineral,  ii.  5 ; water  of.  ii.  6.  Prehen- 
sion of,  ii.  7.  Preparation  of,  ii.  9. 
Salt  in,  ii.  10.  Residue  of.  in  large 
intestine,  ii.  104, 105.  Changes  in  mouth, 
ii.  84,  85  ; in  stomach,  ii.  85-95 ; in 
small  and  large  intestine,  ii.  103, 104. 
Constituents,  proximate,  animal,  ii, 
3-6  ; vegetable,  ii.  8 ; organic,  ii.  82.  S3. 
Use,  ii.  6,  7.  Action  of  heat  on,  ii.  9. 
Time  occupied  in  digestion,  ii.  92,  93. 
Prehension  of,  in  Animals,  ii.  117-119. 
Relative  value  of  different,  ii.  113,114. 
Effect  of,  on  elimination  of  carbonic 
acid  gas  from  lungs,  ii.  466^68.  — of 
warm-blooded  animals,  ii.  522;  cold- 
blooded animals,  ii.  522.  Daily  quantity 
of,  ii.  535 ; relation  of,  to  constituents 
of  body,  ii.  537.  Respiratory,  calorific, 
or  bea^forming,  ii.  6,  537,  547.  Plastic, 
histo-genetic,  or  tissue-forming,  ii.  6, 
537,  547.  "VYaste  of,  ii.  538,  Destination 
of,  ii.  538.  Changes  of,  ultimate,  ii. 
538  ; intermediate,  ii.  540.  Nitrogenous, 
or  albuminoid,  iL  3 ; in  relation  to 
work,  ii.  562 ; destination  of,  ii.  543, 
562.  Non-nicrogenous,  or  hydrocarbons 
and  carbhydrates,  ii.  6 ; in  relation  to 
work,  ii.  562 ; in  relation  to  heat,  ii. 
561 ; to  work,  ii,  561 ; necessity  for,  in 
work,  ii.  573.  Kinds  of,  in  relation  to 
heat  and  work,  ii.  561.  Value  of,  as 
source  cf  motor  power,  ii.  575.  Ingesta 
and  egesta,  daily,  ii.  539.  Metamor- 
phosis of.  intermesiiate.ii.  540  : ultimate, 
ii.  538  (see  also  separate  Constituents 
of  Food).  Luxus  consumption  of,  ii. 
546.  Destination  of,  in  Herbivora,  ii, 
546 ; in  Carnivora,  ii.  546.  Deprivation 
of.  ii.  547  ; in  Animals,  ii.  548 : in  Man, 
ii.  549.  — is  fuel.  ii.  554.  — is  ultimate 
source  of  force,  ii.  554,  Liebig's  views 
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on,  ii.  562  ; oppowjd,  ii.  567.  Effects  of 
on  animal  heat,  ii.  506 
Foot,  adaptation  of,  to  support  weight,  i. 
207 

Foot  pounds,  ii.  556 
Foramen  ovale,  ii.  1S9,  636 
Foraminifera  (see  Protozoa) 

Force,  formative  or  organising,  i.  102; 
ii.  579.  Germ-,  i.  107 ; ii.  605,  661. 
Sperm-,  ii.  589.  Muscular-,  i.  161. 
Nei*ve-,  i.  291.  Vital,  i.  105 
Forces  of  Organic  World,  ii.  551-553. 
Correlation  of,  ii.  552,  579.  — of  Inor- 
ganic World,  ii.  550,  553.  Correlation 
of,  i.  438 ; ii.  551. 

Form  in  Animals,  Laws  of,  i.  135 
Formative  property  of  tissues,  i.  102  ; ii.  597 
Formic  acid,  i.  86 
Forms  of  progression,  i.  203 
Fornix,  i.  303  ; ii.  621 
Fossa  ovalis,  ii.  189 
Fovea  centralis,  i.  540,  568 
Frankland,  on  source  of  motor  power,  ii. 
569 

Friction,  sounds  of,  pleitral,  ii.  427 ; in 
heart  disease,  ii.  222 
Frost-bite,  ii.  509 

Functions.  Animal,  i.  108, 155.  Vegetative 
i.  110.  nutritive,  i.  110.  Keproductive, 
i.  117 


^ALACTOPHOKOTJS  ducts, 
^ Gall-bladder,  i.  31 ; ii.  73. 
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— in 


Vertebrata,  ii.  145,  146.  — in  Non- 

vertebrata,  ii.  146 
Galvanoscopic  limb  of  a frog,  i.  290 
Ganglia,  i.  108,  294.  — of  sympathetic 

system,  i.  322 

Ganglion  of  posterior  root  of  spinal  nerve, 
i.  319 

Ganglionic  corpuscles,  i.  52  ; ii.  655 
Gangrene,  ii.  286,  509,  665 
Gases  {see  Respiration) 

Gasserian  ganglion,  i.  315 
Gasteropods.  Digestive  organs,  ii.  139. 
Digestive  glands,  ii.  129,  144.  Circula- 
tion, ii.  272.  Renal  organs,  ii.  394. 
Respiration,  ii.  494,  499,  500.  Touch,  i. 
472,  Taste,  i.  484.  SmelH.  499.  Hear- 
ing, i.  524.  Sight,  i.  604.  Locomotion, 

i.  225, 233.  Nervous  system,  i.  127, 419 
Gastric  digestion,  ii.  85-95.  Glands,  ii. 

59  ; in  animals,  ii.  143 
Gastric  juice,  i.  Ill  ; ii.  61-65.  Artificial, 

ii.  87.  Action  of,  ii.  85.  Influence  of 
nervous  system  on,  ii.  61.  Quanti-y,  ii. 
62,  63, 90  ; effect  of  different  stimuli  on, 
ii.  63.  Specific  gravity,  ii.  63.  Com- 
position, ii.  63.  Source  of  hydrochloric 
acid  in,  ii.  64,  No  action  on  starch  or 
fats,  ii.  87.  Arrests  putrefaction,  ii.  92. 
Present  in  duodenum,  ii.  103.  Influence 
of  section  of  vagus  on,  ii.  61.  Action 
of,  on  albuminoid  and  gelatinoid  bodies, 
ii.  86 

Gelatin,  i.  82 ; ii.  544.  — not  found  in 


blood,  ii.  290.  Use  of,  ii.  290.  Metamo- 
phosis  of  in  body,  ii.  545 
Gemmation,  internal,  ii.  583  ; or  Gemmi- 
parous  reproduction,  ii.  582  ; in  animal 
cells,  ii.  644 
Gemraules,  ii.  582 

Generation,  i.  117  ; ii.  580  (5re  Reproduc- 
tion). Spontaneous  or  equivocal,  ii. 
580,  590.  Alternate,  ii.  585,  589 
Genetic  relations  of  Animals,  i.  138 
Genetically  related  different  forms,  ii. 
586 

Germ-cells,  ii.  583, 589, 642.  — sac,  ii.  603, 
605.  — force,  i.  107  ; ii.  605,  661 ; is  nu- 
tritive force,  ii.  279  ; is  reparative  force, 
ii.  661 

Germinal  matter,  ii.  642, 643.  — cells,  ii, 
585,589.  — centres,  i.  280.  — sac,  ii. 
604.  — vesicle,  ii,  590,  592,  593  ; desti- 
nation of,  605.  — spot,  ii.  590,  592. 

— disc,  ii.  592,605.  — area,  ii.  606 
Gesture,  in  Animals,  i.  247.  In  Man,  i, 
246 

Gidd  ness,  i.  442 

Gigerium,  or  gizzard,  in  Birds,  ii.  135 
Gills  (see  Branchi?e) 

Gizzard  in  Birds,  ii.  135, 136.  — in  other 
animals,  ii.  138, 139,  140, 141 
Glaxds.  Forms  of,  i.  70  ; simple,  i.  70  ; 
compound,  i.  71.  Ductless,  vascular,  or 
hlood  glands,  i.  74  ; ii.  318, 334  ; spleen, 

i.  33,  74,  113  ; ii.  320,  631  ; suprarenal 
bodies,  i.  33,  74, 113  ; ii.  325,  632  ; thy- 
mus gland,  i.  74, 113  ; ii.  329,  631 ; thy- 
roid body,  i.  74,  113 ; ii.  327,  631  ; pitui- 
tary body,  i.  305  ; ii.  327,  621  ; closed 
sacs  of  alimentary  canal,  ii.  61,  82, 
158,  160,  in  animals,  ii.  342.  Excreting 
glands,  i.  114,  ii.  34  ; kidneys,  i.  31, 

ii.  366,  632,  in  animals,  ii.  391 : lungs, 

i.  27, 114,  115,  ii.  406,  630,  in  animals, 

ii.  488  ; sudoriferous  or  sweat  glands, 

i.  69,  114,  459,  ii.  618,  659.  Secreting 
glands,  in  general,  ii.  344 ; Brunner’s, 

ii.  80 ; caudal  of  Birds,  ii.  396  ; ceini- 
miuous,  i.  501 ; lachrymal,  i.  26,  114, 
529;  liver,  i.  31,  111;  ii.  65,  334,  630, 
in  animals,  ii.  143  ; mammary,  i.  69, 
114,  ii.  356,  618,  in  animals,  ii.  363  ; 
Meibomian,  i.  459,  527  ; mucous,  ii. 
363;  pancreas,  i.  33,  111  ; ii.  78,  631, 
in  animals,  ii.  146 ; salivary,  i.  26, 110  ; 
ii.  54  ; parotid,  i.  26,  ii,  54,  sublingual, 

i.  26,  ii.  55,  submaxillary,  i.  26,  ii.  55 ; 
in  animals,  ii,  128  ; sebaceous,  i.  69, 
459,  ii.  659;  tubular,  i.  70  ; tubular  of 
stomach  or  gastric,  ii.  58-60,  158,  of 
intestines,  or  Lieberkuhn’s  follicles, 

ii.  80 

Glaxds,  Absorbext,  i.  33,  66,  111,  ii.154. 
Closed  glands,  ii.  158,  160  ; agminaied, 
or  Peyer  s,  ii.  81,  159,  160,  solitary,  ii. 
61,  82,  158,  159  ; in  Vertebrata,  ii.  148, 
Lacteal,  i.  33,  66,  171  ; mesenteric,  ii, 
155,  Lymphatic,  i.  66,  112;  ii.  154,  155, 
658;  in  Mammalia,  ii.  186;  Birds,  ii. 
186  ; absent  in  Reptiles,  ii.  186  ; absent 
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in  Amphibia  and  Fishes,  ii.  186  ; absent  1 
in  Invertebrata,  ii.  187. 

Gland-cells,  office  of,  ii.  348 
Glenoid  cavities,  i.  191 
Glisson,  capsule  of,  ii.  70,  71 
Globulin,  i.  81.  Action  in  coagulation  of 
blood,  ii.  313.  XJse  of  in  nutrition,  ii.  290 
Glomeruli  of  Ruysch,  ii.  369 
Glosso-pharyngeal  nerve,  i.  316,  334,  477 
Glottis,  i.  26,  231.  Vocal,  i.  257.  Re- 
spiratory, i.  2.37 
Glow-worm,  ii.  525 
Glucose,  i.  86 
Gluten,  ii.  4 
Glycerin,  i.  86 

Glycero-phosphoric  acid,  i.  86 

Glycocholic  acid,  ii.  76 

Glycogen,  i.  86;  ii.  73,  335.  Source,  ii. 

337,  339,  544.  Destinarion.  ii.  339 
Glycocoll,  or  glycocin,  i.  85  ; ii.  76 
Goitre,  ii.  327,  32$ 

Gomphosis,  i.  188 

Goose’s  skin,  or  horripilation,  i.  459 
Graafian  follicles  or  vesicles,  ii.  597 
Granulations,  ii.  286 
Grape-sugar,  i.  86 

Growth,  i.  117  ; ii.  275,  664.  — of  cells,  ii. 
641.  — of  tissues  (see  Development 

and  Reparation).  Continuous,  ii.  283, 
662 

Gullet  or  QEsophagus, i.  27,  29,  110  ; ii.  32 
Gustatory  nerve  (see  Trigeminal) 
Gynmoplasts,  i.  75  ; ii.  643 
Gymnotus,  or  Electrical  Eel,  ii.  528,  531 


■JTiEMADROArOMETER,  ii.  227 
Hmmadynamometer,  ii.  229 
Hajmal  cavity,  ii.  60$ 

Hceniatin,  or  Hremin,  i.  S3  (see  Blood) 
Hmmatochometer,  ii.  22S 
Hiemato-globulin,  i.  83 
Kajmatoidin,  i.  83 

Haemorrhage,  or  lo.ss  of  blood,  ii.  296. 
Death  from,  ii.  296,  297.  Treatment  of, 
ii.  297.  Arterial  and  venous,  ii.  297. 
Effects  of,  ii.  288 

Hairs,  structure  of,  i.  456.  Development 
of,  ii.  660 

Hair-follicle  or  sac,  i.  457 
Halitus  of  blood,  ii.  301 
Halones  of  egg,  ii.  597 
Hand  in  apes  and  monkeys,  i.  244.  — in 
Man,  adaptations  and  characteristics,  i. 
243.  The  tactile  organ,  i.  460 
Harelip,  ii.  625 
Harmonia.  i.  188 
Haversian  canals,  i.  47, 185 
Head,  i.  7.  Adaptation  to  erect  posture  in 
Man,  i.  211 

Healing  of  wounds,  ii.  2S7 
Hearing,  acuteness  of,  i.  521.  Organs  of, 
i.  500.  Organs  and  sense  in  animals,  i. 
522  525.  Sense  of,  i.  500,  511.  Subjec- 
tive sensations  of,  i.  521 
Heaet,  i.  29,  111.  Structure  of,  ii.  188, 
200  ; auricle,  left,  ii.  193,  right,  ii.  189  ; 
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aTiricles,  fibres  of,  ii.l97  ; bloodvessels, 
of.  ii.  199,  200  ; chordae  tendine®,  ii, 
191,  194;  columnse  cameae,  ii.  191, 
194;  endocardium,  U.  194;  fibrous 
rings,  ii.  196  ; lymphatics,  ii.  200  ; mus- 
cular fibres  of,  i.  52  ; ii.  194  199  ; miis- 
culi  papillares,  ii.  191,  194;  nerves,  ii. 
200  ; ventricle,  left,  ii.  193,  right,  ii. 
190;  ventricles,  fibres  of,  ii.  197-199  ; 
valve,  mitral,  ii.  194,  tricuspid,  ii.  191  ; 
valves,  semilunar,  ii.  B>2.  194.  Deve- 
lopment of,  ii.  633,  634,  635.  Action  of, 
ii.  203-222;  frequency  of,  ii.  217,  cir- 
cumstances which  ratify,  ii.  217-221  ; 
at  different  ages,  ii.  217. 218  ; period  of  a 
complete  action,  ii.  206;  cardiac  ganglia, 
nervous  centres,  source  of  force,  it  216; 
contractions  endure  longer  in  cold- 
blooded and  hybemating  animals,  ii. 
214;  corpora  Arantii,  use  of,  ii.  208  ; 
diastole,  ii.  204,  cause  of,  ii.  206  ; dic- 
tation of  cavirCs  spontaneous,  ii.  214  ; 
dis^a<e  or  injury,  influence  of,  on,  ii. 
215.  216;  diseas^  actions  of,  ii.  221, 
222;  emotions  and  passions,  intiiience 
of,  on.  ii.  215;  force  of  bea's,  circum- 
stances which  modify,  ii.  221  : impulse 
of.  ii.  207,  how  affected,  ii.  221 ; move- 
ments of.  ii.  205  ; nervous  .system,  in- 
fluence oK  on,  ii.  215,  216  ; palpitation, 
ii.  221;  pause,  ii.  209;  pouches  of 
Valsalva,  use  of.  ii.  2'»S  ; ratio  between 
beats  of.  and  respiration,  ii.220:  rhythm- 
ic action,  causes  of,  ii.  215,  condition  of 
blood  in  subsrance  of,  said  to  determine 
it,  ii.  217  ; right  auricle,  the  ulrimura 
moriens,  ii.  214;  sounds  of,  ii.  209-213, 
causes  of.  ii.  210. 211.  cause  of  diff<=rence 
of  the  two,  ii.  211,  characters  of,  ii.  209, 
condition  of  ca^*ities  and  valves  during, 
ii.  209,  210,  relative  duration  of.  ii.  213, 
where  most  distinctly  heard  on  surface 
of  chest,  ii.  21 1 : systole  of,  ii.  204.  cause 
of  auricular,  ii.  206.  canseof  ventricular, 
ii.  206,  207  ; effect  of.  on  shape  of  ven- 
tricular portion  of  heart,  ii.  2o7  ; systolic 
and  diastolic  condith  ns  of  cavities,  re- 
lative duration  of,  ii.  213;  valves  of, 
action  of.  ii.  207  209 ; ventricles,  capa- 
city of,  ii.  213,  relative  thickness  of.  ii, 
214;  ventricular  contractions,  force  of, 
ii.  214.  In  Vertebrata,  ii.  264-271. 
Mammalia,  ii.  264;  Birds,  ii,  265  ; Rep- 
tiles. ii.  265,  266  : Amphibia,  ii.  265, 266  ; 
Fishes,  ii.  267  ; Xon-verrebrara.  ii.  2T1- 
274.  ^lolliisca,  ii.  272  ; Molluscoida,  ii. 
273  ; Annulosa,  ii.  273,  274 

Hearts,  lymphatic,  in  Reptiles,  ii.  186 ; in 
Amphibia,  ii.  186  ; in  Fishrs,  ii.  186 

Heartburn,  i.  446 

Heat,  mechanical  coefficient  of,  ii.  5.*»6, 
equivalent  of,  ii.  556 ; of  combustion,  ii. 
657  ; of  chemical  change,  ii.  557  ; a mode 
of  motion,  ii.  551 . 557 : of  body,  compared 
with  chemical  changes  in  it.  ii.  558;  in 
relation  to  food.  ii.  561 ; sensibility  to, 
i.  468  ; produced  in  muscular  action,  i. 
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164;  power  of  resisting,  ii.  500-611. 
Heat-fonners,  ii.  6, 5o7, 547, 561.  — units 
in  physics,  ii.  555,  of  body,  ii.  558 
Hkat,  A2s’Dial,  i.  115;  ii.  502-521  ; in 
Non-vertebrata,  ii.  503  ; in  Vertebrata, 
ii.  503  ; in  cold-blooded  animals,  ii.  503, 
617 ; in  warm-blooded  animals,  ii.  504, 
617  ; in  Man,  ii.  504,  521,  how  modified, 
li.  505-507,  effects  of,  on  body,  ii.  509- 
612  ; how  regulated,  ii.  510  ; theories  of, 
ii.  512-518;  Lavoisier’s  views,  ii.  512- 
616  ; Dnlong  and  Despretz,  ii.  513  ; car- 
bon, a source  of,  ii.  512,  513  ; hydrogen, 
Q source  of,  ii.  513  ; local,  ii.  504,  515  ; 
hydration,  a cause  of,  ii.  515  ; molecular 
change,  a cause  of,  ii.  515  ; in  Carnivora, 
ii.  517,  518;  in  Herbivora,  ii.  517,  518  ; 
relation  to  red  corpuscles,  ii.  518  ; ner- 
vous system,  influence  of  on,  ii.  519; 
uses  of,  ii.  521 ; how  expended,  ii.  521 
Height  of  body,  ii.  533.  — at  birth,  ii.  664 
Hemispheres  of  cerebrum,  i.  24,  299. 
Functions  of,  i.  373.  Development  of, 
ii.  621 

Hepatic  artery,  ii.  68.  A nutrient  vessel, 
ii.  72.  Terminations  of,  ii.  72 
Hepatic  cells,  ii.  73 
Hepatic  ducts,  ii.  7i) 

Hepatic  lobules,  ii.  71.  Colour  of,  ii.  72 
Hepatic  veins,  ii.  70,  71 
Hepatin,  i.  86  ; ii.  335 
Herbivora,  Digestive  organs  of,  ii.  116. 
Destination  of  food  in.  ii.  546.  Respira- 
tion of,  ii.  518.  Oxygen  absorbed  by, 
li.  439.  Corpora  quadrigemina,  ii.  412 
Hermaphrodite  Animals,  ii.  583 
Heterologous  or  heteroplastic  tumours,  ii. 
285 

Hiccup,  ii.  431 

Hip-joint,  evidences  of  special  adaptation, 

i.  210 

Hippocampus  major,  i.  306,  Minor,  i. 
306 

Hippuric  acid,  i.  85  ; ii.  381,  382 
Histogenetic  food,  ii.  6,  537,  547,  561 
Homologies  in  Animals,  i.  136 
Homologous  or  homoplastic  tumours,  ii. 
285 

Honey-comb  of  Ruminants,  ii.  130 
Horopter,  i.  580 

Horripilation  orgoose’s  skin,  i.  459 
Horse,  daily  work  of,  ii.  559,  564 
Humours  of  the  eye,  i.  531,  542 
Hunger,  i.  444 

Hybernation,  ii.  521,  522.  Respiration  in, 

ii.  454 

Hydra,  reproduction  of,  ii.  582,  583 
Hydration,  a source  of  Animal  Heat,  ii. 
515.  — in  the  production  of  albumi- 
nose,  ii.  86  ; — of  sugar,  ii.  84 
Hydrogen,  effect  of  breathing,  ii.  470.  A 
source  of  Animal  Heat,  ii,  514.  Rela- 
tion of  to  Animal  Heat,  ii.  558 
Hydrocarbons,  ii.  6.  Destination  of,  ii. 
641.  — in  relation  to  heat,  ii.  561 ; — to 
work,  ii.  561 
Hyocholic  acid,  ii.  77 


IXS 

Hyoid  bone,  i.  26  ; ii.  25,  625 
Hypercesthesia,  i.  341 
Hypermetropia,  i.  565 
Hyperplasia,  ii.  285 

Hypertrophy,  ii.  285.  — of  muscle,  i.  162 
Hypnotism,  or  magnetic  sleep,  i.  402 
Hypoglossal  nerve,  i.  317,  336,  477 
Hypophysis  cerebri,  i.  305 


TDEAS  and  Ideation,  i.  367,  373,  374,  376, 
380,381,382 
Ideo-motor  acts,  i.  381 
Idiots,  brain  of,  i.  296 
Ileo-cascal  valve,  ii.  48,  49 
Ileum,  intestine,  i,  33  ; ii.  42,  43 
Image  of  Purkinje,  i.  593 
Images,  entoptical,  i.  592 
Imago,  ii.  587 

Incubus,  or  night-mare,  i.  400 
Incus,  i.  502  ; ii.  625 
Induration,  ii.  285 

Infant,  weight  and  length  of,  ii.  664 
Infancy,  ii.  665 
Infants,  milk  for,  ii.  363 
Inflammation,  ii.  285,  286 
Infundibula  of  kidney,  ii.  368 
Infundibulum  of  oviduct,  ii.  593.  • — of 
Fallopian  tube,  ii.  598 
lugesta,  daily,  ii.  539 

Infusoria,  reproduction  of,  ii.  580,  582, 
686  {see  Protozoa) 

Ingluvies  in  Birds,  ii.  134,  — of  Rumi- 
nants, ii.  130 

Ink-bag  of  Cephalopods,  ii.  139,  305 
Inhibidon  of  effect  of  stimuli  on  motor 
nerves,  i.  28G 

Inorganic  bodies,  characters,  i.  148 
Inorganic  proximate  constituents  of  the 
body,  i.  80,  95 
Inosite,  i.  86  ; ii.  293 

Insalivation,  i.  110 ; ii.  25.  — in  Animals, 
ii.  128 

lNSECTn'OR-\.  Digestive  organs,  ii.  130, 
134.  Locomotion,  i.  222 
IxsECTA.  Digestive  organs,  ii.  140.  Di- 
gestive glands,  ii.  143,  145,  148.  Circu- 
lation, ii.  273,  274,  Heat,  ii.  503. 
Renal  organs,  ii.  394.  Respiration,  ii, 
495,496;  — of  certain  larvae,  ii. 501.  Ln- 
minosity  of.  ii,  625.  Touch,  i.  472,  474, 
Smell,  i.  499.  Hearing,  x.  524.  Sight, 
i.  604-606.  Locomotion,  i.  226,  235. 
Sounds  made  by,  i.  271.  Kervous  Sys- 
tem, i.  420-422. 

Inspiration,  ii,  414-420.  Enlargement  of 
tlxorax  in,  ii.  415-417.  Muscles  of,  ii. 
417-419.  Force  exerted  in,  ii.  426.  — in 
Birds  is  passive,  ii,  489.  Quantity  of 
air  taken  in,  at  each,  ii.  432  ; qxxantity 
breathed  in  twenty-four  hours,  ii.  435, 
Supplementary  uses  of,  ii.  430-432.  In- 
gress of  air  in,  how  facilitated,  ii.  420, 
First  inspiration  at  birth,  ii.  429.  Cir- 
cumstances which  modify  the  number 
of,  ii.  424,  425. 
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Inetincts  of  Animals,  i.  378,  418,  — of 
Man,  i.  37S,  379,  392 
Intellect,  i.  377,  380 
Intermuscular  septa,  i.  13 
Intervertebral  substances,  development  of, 
ii.  616 

Intestinal  canal  (see  Intestine).  — diges- 
tion, ii.  102-104.  — glands  of  Vertebrata, 
ii.  148.  ■ — juice,  i.  Ill ; sources  and  com- 
position of,  ii.  80-82 ; action  of,  ii.  102 ; 
action  of  in  animals,  ii.  loO 
Intestines,  i.  33,  111.  Length,  of,  in  ani- 
mals, ii.  133.  Development  of,  ii.  627. 
Small,  ii.  40-43 ; coats,  ii.  43,  44 ; villi, 
il,  44;  structure  of  villi,  ii.  157,  158  ; 
vermicular  or  peristaltic  movements,  ii. 
44,  45.  Large,  ii.  45,  46  ; structure  of, 
ii.  46-49  ; coats  of,  ii.  46,  47.  Passage  of 
foodalong.ii.  45,49.  Contents  of,  ii.  103- 
106.  Descent  of  substances  through,  ii, 
106.  Digestion  in,  ii.  102-104.  Juices 
of,  80-82.  G-lands,  Brunner’s,  ii.  80  ; 
Lieberkuhn’s  follicles,  ii,  82  ; Peyer's 
patches,  ii.  81,  159, 160  ; solitarv,  ii.  82, 
331;  agminated,  ii.  81,  159,  160,  331. 
Changes  of  food  in,  ii.  103, 104.  Action 
of  juices  of,  ii.  102.  Cases  contained 
iu,  ii.  106.  Talvulce  conniventes,  ii. 
44.  Contents  of  small,  alkaline,  ii.  97. 
In  Vertebrata,  ii,  133-139 ; Mollusca,  ii. 
139  ; iloUuscoida,  ii.  140  ; Annulosa,  ii. 
140, 141  ; Annuloida,  ii.141,142  ,•  Ccelen- 
terata,  ii.  142  ; Protozoa,  ii.  143 
Intrinsic  forces  of  Animal  mechanism,  i. 
203 

I>rvERTEBRATA.  Alimentary  canal,  ii, 
139-143.  Gastric  glands,  ii.  143.  Liver, 
ii,  143,  144,  145.  Pancreas,  ii.  148. 
Blood,  ii.  271.  Bloodvessels,  ii.  271, 
272.  Nervous  system,  i.  419-425. 
Touch,  i.  472,  474.  Taste,  i.  484. 
Smell,  i.  499.  Hparing,  i.  524-526. 
Sight,  i.  603-607.  Locomotion  on  solids, 

i,  226,  227  ; in  fluids,  i.  233;  in  air,  i. 
235.  Voice,  i.  271,  272.  Prehension,  i. 
246.  Heat  of,  ii.  5u3.  Digestive  organs, 

ii.  139-143.  Digestive  glands,  ii.  128, 129, 
143,  144, 145,  146,  148.  Circulation,  ii, 
271-275.  Renal  organs,  ii.  394.  Respi- 
ration, ii.  494-496  ; 497,  499-502.  Pre- 
hension of  food,  ii.  118, 119.  Denticles, 
ii.  127,  128.  Salivary  glands,  ii.  128, 
129.  Pharynx,  ii,  129 

Involuntary  movements,  i.  381 
Iris,  i.  531,  538,  556,  557,  Governmentof, 
i,  567.  Development  of,  ii.  623 
Isthmus  of  fauces,  ii.  27 
Ivory,  ii.  121 


JACOB’S  membrane,  i.  540 
^ Jaws,  i.  110 ; ii.  21.  — in  animals,  ii. 
126, 127 

Jaw,  lower,  development  of,  ii.  624, 
Upper,  development  of,  ii.  625 
Jejunum,  i.  33  ; ii.  42,  43 
Joint-oil,  or  synovia,  i.  12,  189 


Joints,  i.  11, 108,  187.  Immovable,  i.  188. 
Mixed,  i.  188.  Movable,  i.  189;  Ball 
and  socket,  i.  191  ; Hinsre  or  ginglyform, 
i.  1 90  ; Planiform,  i.  190  ; Spc*cial  forms, 
i.  192 

Judgment,  i.  3G7 


Jf  EISTIN,  ii.  384. 

Keratin,  i.  83 ; ii.  584. 

KinxETS,  i.  31,  114.  Description  of,  ii. 
360-371.  Chemical  composition,  ii.  366. 
Atrophy  or  disease  of  one,  ii.  367.  Horse- 
shoe, ii.  367.  Movable  or  floating,  ii. 

367.  Hilns,  ii.  367.  Sinus,  ii.  367.  Cor- 
tical substance,  ii.  368.  Medullary  sub- 
stance, ii,  368.  Malpighian  corpuscles,  il. 
368,369,  370.  Pyramids  (Malpighi),  ii. 

368.  Papillae  or  mammillae,  ii.  368. 
Pelvis,  ii.  368,  371.  Infundibula,  ii. 

368.  Calyces,  ii.  368,  371.  Tnbnll 
uriniferi,  ii.  368.  Tubes  of  Ferrein,  ii. 

369.  Capsules,  ii.  369.  Ducts  of  Bellini, 
ii.  369.  Cilia  in,  of  cold-blooded  Ver- 
tebrata, ii.  369.  Bloodvessels  of  Mal- 
pighian bodies,  ii.  369,  370  ; portal  cha- 
racter of,  ii.  370.  Arteries,  ii.  370, 
Veins,  ii,  370.  Lymphatics,  ii.  370. 
Nerves,  ii.  370,  371.  Function  of.  ii. 
371.  Office  of  Malpighian  corpuscles, 
ii.  371 ; of  spheroidal  epithelium  of 
tubuli,  ii.  371,  372.  373.  Effect  on 
blood,  of  extirpation  of.  ii.  372  ; of 
lieature  of  ureters,  ii.  372.  Bright’s 
disease,  or  granular  degeneration,  ii. 
390.  Renal  organs  in  animals,  U.  391- 
394.  Primordi  1.  ii.  611,631,  Develop- 
ment, ii.  632.  Ureter,  ii.  366,  371 

Kinesodic  substance  (in  spinal  cord),  i. 
344 


Kissing,  sound  of.  i.  268 
Knee-joint,  constructive  adaptation  to 
erect  posture,  i.  209 
Kymographion,  ii.  231,  279 


J ABYRINTH  or  internal  ear,  i.  505 
Labyrintho-dentine,  ii.  125 
Lachrynial  canals  or  canaliculi,  i.  529.  — 
glands,  i,  26.  114,  526,529.  — lake.  i. 
5-_)S.  _ papillfc,  i.  528.  — puncta,  i.  529. 
— sac  and  groove,  i.  530 
Lactation,  ii.  356  ; how  influenced,  ii. 


Lacteals,  i.  33,  67,  111 ; ii.  156, 157,  Com- 
mencement in  villi,  ii.  156.  Absorption 
by.  ii.  175 

Lactic  acid,  i.  86  : ii.  64,  383 
Lactin,  i.  S6 ; ii.  357,  359 
Lacuufe  of  bone.  i.  47 
Lamellibraxchlvta.  Digestive  organs, 
ii.  139.  Digestive  glands,  ii.  144.  Cir- 
culation, ii7  272.  Renal  organs,  ii.  394. 
Respiration,  ii.  500.  Touch,  i.  472. 
Sight,  i.  604.  Locomotion,  i.  225,233. 
Nervous  System,  i.  127,  419 
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Lamina  spiralis,  i.  506.  — cribrosa,  i.  537. 

— fusca,  i.  637.  — of  cerebellum,  i.  307. 

— dorsalis,  ii.  607.  Sensorial-,  ii.  607. 
Jlotorio-sexual-,  ii.  607.  Mucous-,  ii.  6.S 

Lanugo,  ii.  660 
Larva;,  ii.  585,  587 

Laryngeal  movements,  i.  257.  — nerves, 
functions  of,  i.  265.  — muscles,  action 
of,  i.  257,258.  — sac,  i.  251 
Laryngoscope,  i.  256 

Larynx,  i.  26,  115,  248.  Cartilages,  i.  249. 
Mucous  membrane,  i,  252,  Muscles, 
i.  252.  Nerves,  i.  252,  Ventricle,  i.  251. 
Functions  of,  i.  255 
Latebra  of  egg,  ii.  597 
Laughing,  ii.  431.  — gas,  ii.  470 
Lavoisier’s  theory'  of  Animal  Heat,  ii. 
512-18 

Leaping,  i.  217.  Combined  with  running, 

i.  217 

Lecithin,  i.  86 

Lens,  crystalline,  i.  542.  Development  of, 

ii.  622 

Leases,  error.s  of  artificial,  i.  551.  Re- 
fraction of  light  by,  i.  650 
Lepidosiren.  circulation  in,  ii.  270.  Re- 
spiration in,  ii.  493 
Leucmmia,  ii.  323 
Leucin,  i,  85 
Leucocythoemia,  ii.  32.3 
Levers  employed  in  the  body,  i.  198 
Lieberkiihn’s follicles,  ii.  80-82.  — present 
in  all  Vertebrata,  ii,  148 
Life,  or  vital  action,  i.  105.  Periods  of, 
ii.  665 

Ligaments,  i.  7, 11, 189.  Elastic,  i.  193 
Ligamenta  subflava,  i.  194 
Ligamentum  denticulatum,  i.  295.  — 

teres,  i.  191 

Light,  i.  645,  Absorption  of, i.  548.  Effects 
on  the  eye,  i.  589.  Evolution  of,  by  Man, 
ii.  624 ; — by  Animals,  ii.  625-527 ; 

— cause  of,  ii.  626.  Refraction  of,  i. 
549, 554 

Limbs,  development  of,  ii.  617 
Lingual  nerve  {xee  Trigeminal) 

Lips,  absent  in  Birds,  ii.  117  ; in  Reptiles, 
ii.  118 

Liquid  diffusion,  ii.  160, 162.  Rate  of,  with 
different  substances,  ii.  162 
Liquor  amnii,  ii.  609.  — lymphsE,  i.  67. 

— sanguinis,  i.  62  (see  Blood) 

Lisping,  i.  268. 

Lithio  acid,  i.  85  ; ii.  380,  387.  — calculi, 
ii.  387 

Liver,  i.  31,  111.  Description,  ii.  65. 
Ligaments,  ii.  66.  Lobes,  ii.  66,  67. 
Lobules,  ii.  71,  72.  Fissures,  ii.  68. 
Bloodvessels,  ii.  68,  70.  Lymphatics, 
ii.70.  Proper  substance,  ii.  71.  Nerves, 
ii.70.  Interlobular  tissue,  ii.  71.  Secret- 
ing portion,  ii.  73.  In  embryo,  a true 
blood-gland,  ii.  334.  Functions,  ii.  354. 
Glycogenic  office,  ii.  78,  334-342  ; sugar 
from,  ii.  336;  quantity  of  sugar,  ii.  337  ; 
use  of,  ii.  339  ; modified,  ii.  340  ; in  snail, 
343,  Secreting  office,  ii.  354.  Con- 
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sidered  as  a blood-gland,  ii.  334-342.  In' 
animals,  ii.  143-145.  Development  of, 
ii,  630 

Lobe,  electric,  of  torpedo,  ii.  529 
Lobes  of  cerebellum,  i.  307  ; laminse  of, 
i.  307.  — of  the  cerebrum,  i.  300.  Olfac- 
tory, i.  305  ; ii.  621 
Lobular  ple.xus  of  liver,  ii.  72 
LooOMO'nox  of  Animals  in  .air,  i.  231 ; in 
fluids,!.  228;  on  solids,  i.  218.  — of  Man 
in  air,  i,  234  ; in  fluids,  i.  227  ; on  solids, 
i.  206.  In  Mammalia,  i.  218-222,  228, 

234.  Birds,  i.  222-224,  228, 229,  235-239. 
Reptiles,  i.  224,  225,  229,  230,  234,  23'5. 
Amphibia,  i.  225,  230.  Fishes,  i.  225, 
230-233,  234,  235.  Annulosa,  i.  226,233, 

235.  Annuloida,  i.  226,  233.  Mollusca, 
i.  225,  233.  Molluscoida,  i.  233.  Coelen- 
terata,  i.  233.  Protozoa,  i.  227,  233 

Locomotive  organs  in  Man.  i.  185.  Bones, 

i.  185.  Joints,  i.  187.  Muscles,  i.  194 
Luminosity,  Animal,  ii.  525  (see  Light) 
Lungs,  i.  27,114,115;  ii,  406.  Develop- 
ment of,  ii.  630.  Description  of,  ii.406. 
Mediastinum,  ii.  408.  Pleural  covering, 

ii.  407.  Lobes,  ii.  408,  409.  Lobules, 
ii.  409.  Pareuchyma  of,  ii.  409.  In- 
terlobular tissue,  ii.  410.  Subpleural 
coat.  ii.  410.  Bronchia,  ii.  410.  Lobu- 
lar bronchial  tubes,  ii.  411.  Intercel- 
lular passages  or  air-sacs,  ii.  411.  Air- 
cells,  ii.  412,413.  Pulmonary  arteries, 
ii.  413 ; veins,  ii.  414.  Bronchial  arte- 
ries, ii.  414  ; veins,  ii.  414.  Lymphatics,' 
ii.  414.  Nerves,  ii.  414.  Elastic  force 
of  human,  ii.  422,  423.  Passive  in  in- 
spiration, ii.  420.  Elasticity  in  e.vpira- 
tion,  ii.  421,  422.  Capacity,  ii.  432-435. 
In  Mammalia,  ii.  488.  In  Birds,  ii.  489. 
In  Reptiles,  ii.  490,  491.  In  Amphibia, 
ii.  492.  Homologue  of,  in  certain  Fishes, 
ii.  493 ; in  Mollusca,  ii.  494,  495 ; in 
Annulosa,  ii.  494^96.  Absent  in  Fishes, 
ii.  267 

Lunula  of  nail,  i.  455 
Luxns  consumption  of  food,  ii.  546 
Ly'inph,  i.  67,  112.  Composition,  i.  92. 
Corpuscles,  i.  67  ; ii.  658.  Source,  ii. 

' 172.  Formation,  ii.  173,  174,  6,58. 

Quantity  poured  into  blood  in  24  hours, 
li.  182 

Lymphatic  absorption  (sec  Absorption) ; 

: — glands  or  ganglia,  i.  66  ; ii.  154  ; 

— , deveiopment  of,  ii.  658.  — in  animals, 
ii.  186.  — hearts  in  animals,  ii.  186  ; 
— networks  or  plexuses,  ii.  154 
Lymphatics,  i.  112.  Deep  and  superficial, 
ii.  153.  Development,  ii.  G5S.  Abun- 
dant in  connective  tissue,  ii.  281.  Few 
or  absent  in  muscle  and  brain,  ii.  281 


l\/rACULA  Germinativa,  ii.  599,  592, 593  ; 

— lutea  of  eye,  i.  540  ; ii,  623 
Magnetic  sleep,  i.  402 
Magnetism,  Animal,  i.  492 
Malpighii,  Pyramids  of,  ii.  368 
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Malpighian  corpuscles  of  splt=^n,  ii.  321, 
322.  — of  kidneys,  ii.  368. 369, 370  ; small 
in  Birds  and  Reptiles,  ii.  372 
Malleus,  i.  602  ; ii.  626 
MAM^L\LIA.  Classification,  i.  126.  Im- 
placental,  i.  126;  ii.  613.  Placental 
non-deciduate,  i.  126 ; ii.  613 ; deciduate, 

i.  126;  ii.  614.  Prehension  of  food,  ii. 
117.  Cheek  pouches  in  some,  ii.  117. 
Teeth,  ii.  120-122.  Jaws,  ii.  126.  Sali- 
vary glands,  ii.  128.  Pharynx,  ii.  129. 
Stomach,  ii.  130-133.  Intestinal  canal, 
it.  133,134.  Liver, ii.  144.  Gall-bladder, 

ii.  145,  Pancreas,  ii.  146.  Lymphatic 
glands,  ii.  186.  Portal  circulation,  ii. 
265.  Heart,  ii.  264,  265.  Aortic  arch, 
ii.  266.  Spleen,  ii.  342.  Supra-reual 
bodies,  ii.  342.  Thyroid  gland,  ii.  342. 
Thymusgland.ii.  343.  Mammary  glands, 
ii.  363.  Ividneys,  li.  391,  392.  Thorax, 
ii.  488.  Lungs,  ii.  488.  Touch,  i.  471, 
473.  Taste,  i.  483.  Smell,  i.  496.  Hear- 
ing. i.  522.  Sight,  i.  598,  .599.  Loco- 
motion on  solids,  i.  218-222 ; in  fluids, 

i.  228  ; in  air,  i.  234.  Voice,  i.  269.  Pre- 
hension in,i.244,245.  Encephalon,  i.  405, 
406.  Cerebrum,  i.  406-408, 408^411, 412, 
413.  Cerebellum,  i.  413,414.  Medulla 
oblongata,  i.  415.  Spinal  cord,  i.  415. 
Corpora  quadrigemina,  i.  412.  Embrj-o 
of,  ii.  608-615.  Heat  of,  ii.  604.  Ovaries 
and  ova  of,  ii.  592.  Reproduction  of, 

ii.  60:1-641 

Mammary  glands,  i.  69,  114:  ii.  356. 
Structure  of,  ii.  356.  Function  of,  ii. 
357,  Periodic  enlargement  of,  ii.  287. 
In  animals,  ii.  363 
Mammilla,  ii.  356 
Mammillfe  of  kidney,  ii.  368 
Man.  Daily  work  of,  ii.  559.  — compared 
with  horse,  ii.  559.  Position  in  Animal 
Series,  i.  i:52 

Mandibles  of  Annulosa.  ii.  118. 119 
Manipulation  in  Animals,  i,  244.  — in 
Man,  i.  239 

Manometer,  ii.  229  ; differential,  ii,  233 
Manyplies  of  Raminauts,  ii.  131 
Margaric  acid,  i.  96 
Miugarin,  i.  86 
ilarrow,  i.  45  ; ii.  649 
Mausuplvlta.  Digestive  organs,  li.  133, 
134.  Locomotion,  i.  222.  Voice,  i.  269, 
Cerebrum,  i.  408,  409,  411,  413 
Marsupial  pouches,  ii.  633 
Mastication,  i.  lio.  Parts  concerned  in,ii. 
12.  Muscles,  ii.  22-24.  M >vements,  ii, 
24,  Use  of  saliva  in,  ii.  25 : of  tongue,  ii. 
25  : of  cheeks,  ii.  25.  In  Yertebrara,  ii. 
119-127.  In  Isonvertebrata,  ii.  127, 128 
Matrix,  of  cells,  ii.  642 
Maxillai  of  Annulosa.  ii.  118 
^Measure  of  beat,  ii.  555 
Meatus,  external  auditory,  1.  500,  513  ; in- 
tenial,  i.  508 

Mechanical  work  of  body,  ii.  555,  559,561 ; 

transf  )rmed  into  heat,  ii.  575 
M*.cjuuic3  of  the  body,  i.  197 
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Meckel’s  process,  ii.  625 
Media-^tinum.  i.  27  ; it.  40R 
Medulla  oblongata,  i.  297,  309:  ii.  619. 
Fibres,  i.  310.  P.\Tamids,  i,  309.  De- 
velopment, ii.  619.  Functions,  i.  352. 
Reflex  functions,  i.  353.  Of  Vert«brata, 
i.  414 

Medullary  plates,  U.  608,  619.  — tissue, 
cells  of,  i.  45 ; il.  649.  — substance  of 
cerebellum,  i.  3o7  ; of  cerebrum,  i.  303  ; 
of  kidney,  ii.  368 
Mental  work  of  body,  ii.  555,  578 
!Meibomian  glands,  i.  459,  527 
Membrana  nictitans,  i.  523.  — tympani, 

i.  501 , 514 

Membranous  tongues,  vibrations  of,  i.  254 
Memory,  i.  367,  371,  377.  380 
Mental  faculties  of  Man,  i.  376  (see  Psy- 
chical faculties)  • 

Mesencephalon,  ii.  619 

Mesenteric  glands,  ii.  155.  — in  Carnivora, 

ii.  186. 

^lesenteries,  i.  34 ; ii.  40 
Mesmerism.  1.  402 
Metabolic  energy,  ii.  280. 

Metamorphic  force,  ii.  280, 
Metamorphosis,  cycle  of,  ii.  587.  True.  ii. 
587.  — of  Insects,  ii.  587.  — of  Am- 
phibia, ii.  588.  Progressive  and  retro- 
grade, ii.  588.  — of  Animal  cells,  ii.  644 
^fetencephaloD.  ii.  619 
Micropyle,  ii.  603 
Metre-kilogrammes,  ii.  556 
Milk-fever,  ii.  357 

Milk,  Human,  ii.  357.  Colostrum,  ii.  357, 
Corpuscles  of,  ii.  358.  Chemical  com- 
position, ii,  357.  358,  359.  Globules;  ii. 
358.  A type  of  food,  ii.  358.  Butter  of, 
ii.  359.  Lactin  or  sugar,  and  lactic  acid, 
ii.  359,  360.  Curd  and  whey,  ii.  359. 
Casein  of,  how  formed,  ii.  290,  360,  544  ; 
its  use,  ii.  360.  Oily  matter,  ii.  360. 
J^alts,  ii.  360.  Resembles  blood,  ii.  360. 
Retention  of,  ii.  360,  Vicarions  secre- 
tion, ii.  360.  Quantity  and  quality 
modified,  ii.  361.  Influence  of  non-oiis 
system  on,  ii.  361,  362.  Chemical  com- 
position of,  in  AVoman  and  Animals,  ii. 
362.  Of  cow,  for  infants,  ii.  363 
Milk-teeth,  ii.  12,  18,  19,  Development 
of,  li,  628 

Minerals,  relations  to  .\nimal.s  and  Plants, 
i.  148 

Molar  death,  ii.  296 

Molecular  changes,  a source  of  Animal 
Heat,  ii.  515.  —death,  ii.  286.  — move- 
ments,  i.  155 

Moli.usca.  Characters  and  Classes,  i. 
121,  126.  Prehension  of  food,  ii,  118. 
Salivary  glands,  ii.  128.  Alimentary 
canal,  ii.  139.  Nervous  system,  i.  419. 
Liver  in,  ii.  144.  Circulation,  ii.  272. 
Renal  organs,  ii.  394.  Respiration,  ii. 
494,  499,  500.  Touch,  i.  472.  474.  Taste, 
i.  484.  Smell,  i.  499.  Hearing,  i.  524. 
Sight,  i.  603.  Locomotion  on  solids,  i. 
225 ; in  fluids,  i.  233.  Prehension,  i. 
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24f).  Luminosity,  ii.  52(5.  Ovaries  and 
o\'H,  ii.  t)00.  Development  of,  ii.  583, 
fiO().  Heat  of,  ii.  5l)3 

Molluscoida.  Chnjaeters  and  Classes,  i. 
1.^7.  Prehension  of  food  in,  it.  118. 
Pharynx  in,  ii.  120.  Alimentary  canal 
in,  ii.  140.  Liver,  ii.  144.  Circulation, 
ii.  273.  Pespiration,  ii.  500  'I'oucli,  i. 
472,  474.  Smell,  i.  400.  I-fearing,  i. 
524.  Sight,  i.  nn4.  Locomotion  in 
fluids,  i.  233.  Prehension,  i.  24fi.  Lu- 
minosity, ii.  520.  Nervous  system,  i. 
420 

Monocotyledons,  or  Endngens,  i.  130 
Monoecious  Animals,  ii.  583 
Mr>no]ihyodonts,  ii.  (>3{) 

Mon'utuk.mata.  Digestive  oreans,  ii.  134. 
Maniinary  glands,  ii.  303.  Sight,  i.  500. 
Cerebrum,!. 408,  400,411.  luiplaceutal, 
ii.  013 

Mortality  from  epidemics  and  contagious 
disea>es,  ii.  480,  487 
Mortification,  ii.  280 

Motion’,  i.  108,153,381.  Ciliary,  i.  177. 
Muscular,  i.  156.  Sarcodous,  i.  182.  Of 
blood  through  the  arteries,  ii.  222-234  ; 
through  the  capillaries,  ii.  242-247  ; 
through  the  veins,  ii.  247-257.  In  vege- 
tables, i.  1S4.  Passive  organs  of.  i.  lOS. 
Active  organs  of.  i.  108.  Production  of, 
i.  1 15.  Knowledge  of,  i.  585. 

Motor  fibres  of  nerves,  i.  277  ; — oculi 
nerves,  i.  314,  332 

Motor  power,  source  of,  ii.  555-559,  561- 
575 

Motorial  centre,  i.  361.  — stimulus,  path 
of,  in  spinal  cord,  i.  342 
Mouth,  ii.  25.  Macons  glands  of,  ii.  54. 
Movkmexts,  automatic,  i.  385;  consen- 
sual or  seiisori-mnror,  i.  381, 382  ; emo- 
tional, i.  381,  384;  ideabirmal  or  ideo- 
motor, i.  381,  384;  instinctive,  i.  381. 
382  ; involuntary,  i.  381 ; refle.x  or  excito 
motor,  i.  38 1 -383  ; sensori-motor,  i.  381, 
382  ; voluntary,  i.  381  ; rhythmic,  i. 
385.  Of  Animal  sarcode  and  protoplasm, 

i.  182.  Of  Man  and  Animals,  i.  184. 
Hegulation  of.  i.  108,  272,  293 

^lucin.  i.  S3  ; ii.  363 

Mucous  membranes,  i.  69  ; ii.  659.  Action 
of,  ii.  3i»3 

Mucus,  i.  69;  ii.  363.  Chemical  composi- 
ti«ui,  ii.  3()3.  Lse.  ii.  364.  Acts  as  a 
ferment,  ii.  364.  379,  3SG 
M iller,  ducts  of,  ii.  632 
Murexid,  ii.  381 

Murmurs,  respiratory,  ii.  426.  — cardiac, 

ii.  222 

Muscfo  volitantes,  i.  592 
MU8C1-ES,  i.  13,  108.  Development  of,  ii. 
616,  618.  Enlarged  by  exercise,  ii.  283. 
Fixation  of,  i.  51.  Use  of  in  locomotion, 

i.  194.  Elasticity  of,  i.  IGl.  Heat  of, 

ii.  604.  Structure  of,  i.  51.  Of  mastica- 
tion, ii.  22-24;  cheek,  ii.  25;  tongue, 
ii.  25,  26  ; soft  palate,  ii.  28  ; pharynx, 
ii,  29,  30,  31  ; inspiration,  iu  . 17-419  ; 
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expiration,  ii.  423,424;  eyebaH.  i.  538; 
middle  ear,  i.  504,  517  ; larynx,  i.  252 
Muscular  contractility,  i.  156  ; cause  of,  i. 
172  ; duration  of,  i.  163.  — contraction, 
phenomena  of,  i.  158  ; heat  produced 
by,  1.  164;  phenomena  accompanying, 
i.  164.  — currents  of  electricity,  i.  166  ; 
determined  by  galvanometer,  i.  166. 

— fibres,  plain  or  unstriped,  i.  48  ; ii. 
654 ; striped  or  striated,  i.  49 ; ii.  654, 

— irritability,!.  101,156.  — sensations, 

the  sixth  sense,  i.  433.  — sense,  i.  162, 

36*2,  366.  441.  — sound. i.  164.  — tissue, 
i.  48  ; ii.  65  , 663  ; conipos:tiun  of,  i.  89, 

— tonicity,  i.  162,  351 
Musk  of  the  musk-deer,  ii.  395 
Myopia,  i.  565 

MviiiAPoDA.  Digestive  organs,  ii.  140. 
Digestive  glands,  ii.  129,  145.  Circula- 
tion. ii.  274.  Renal  organs,  ii.  394.  He- 
spiration,  ii.  494.  Touch,  i.  472,  474. 
Sight,  i.  606.  Locomotion,  i,  226 


■jSTAILS,  structure  of,  i.  455.  Develop- 
ment  of,  ii.  659 
Narwhal,  tusk  of,  ii.  121 
Na^al  duct,  i.  530.  — cavities,  i.  26 
Nausea,  i.  445 
Necrosis,  ii.  605 
Neoplasia,  ii.  285 

Nerve-cells,  i.  52,  291  ; ii.  Ge75.  — cords,  i. 
294.  — currents,  electrical,  i.  280.  — 

fibres,  afferent,  efferent,  and  refiex,  i. 
277  ; motor  and  sensory,  i.  277  ; grey  or 
gelatinous,  i.  53 ; ii,  655  ; white  or 
tubular,  i.  54  ; ii.  656 
Nerve-force,  i.  291 
Nerve-root,  i.  56 
Nerve-trunk,  i.  56 
Nerves  of  respiration,  i.  334  ; ii.  428 
Nerves,  i.  24,  108.  Of  the  internal  senses, 
i.  361.  Action  on  muscles,  i.  287.  Elec- 
trotonicity, i.  283.  Electropolaiity,  ii, 
577.  Functions,  i.  273.  Mode  of  action, 
i.  289.  Modes  of  termination,  i.  56. 
Connection  with  centres  of  sensation, 
i.  336.  Rate  of  conduction  in,  i.  279. 
Respiratory,  i.  334  ; ii.  4*28 

Cranial,  i.  313.  First  pair,  or 

olfactory,  i.  313,  331, 487.  Second  pair, 
or  optic,  i.  314,  331,  531.  Third  pair,  or 
motores  oculi,  i.  3l4,  332.  Fourth  pair, 
pat.iecic,  or  trochlear,  i.  314,  332.  Firth 
trigeminal,  or  trifacial,  i.  314,332. 
Sixth  pair,  abducent,  i.  315.  333.  Seventn 
pair  ; porcio  mollis,  or  auditory,  i.  315, 
5DS,  521  ; portio  dura,  or  facial,  i.  316, 
033.  Eighth  pair : glo-so-pharyngeal, 
i.  316,  334,  417 ; pneumogastric  or 
vagus,  i.  316,  334;  spinal  accessory,!. 
316,  335.  Ninth  pair,  or  hypo-glossal, 
i.  317,  336,  417.  Functions  of,  i.  031. 
Number  of  fibres  in  each.  i.  317 

• — -Spinal,  i.  31 7.  Cervical,  i,  317, 

319.  Coccs  goal,  i,  317,  320.  Dorsal,  i. 
317,319.  Lumbar,  i.  317,  3J9.  Sacral, 
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i.  317,  319.  Functions,  i.  328.  Hoots, 
i.  320.  Anterior  roots,  i.  318.  Posterior 
roots,  i.  318,  339 

Nervous  force,  ii.  577.  — plexuses,  i.  56, 
820.  — substance,  composition  of,  i.  8!*  ; 
properties  of,  i.  273.  — system  and  its 
functions  in  animals,  i.  403  ; bilateral 
or  double  action  of,  i.  395  ; cerebro- 
spinal, i.  294;  sympathetic,  i.  294;  de- 
velopment of,  ii.  619  ; effect  of  on  Ani- 
mal Heat,  ii.  519  ; its  functions,  i.  293 ; 
its  structure,!.  294  ; functions  of  differ- 
ent parts,  i.  326.  — influence  on  absorp- 
tion, ii.  171 ; on  heart’s  action,  ii.  215, 
216,  217 ; on  nutrition,  i.  394,  395;  ii. 
234  ; on  sugar  forming  function  of  liver, 
i.  356, ,394  ; ii.  340,  341  ; on  secretion,  i. 
394,395;  ii.  349-351  ; on  secretion  of  sa- 
liva, i.  333  ; ii.  56,  57  ; of  tears,  i.  392, 
895 ; of  gastric  juice,  ii.  61 ; on  excretion 
• ii.  349-351 ; on  excretion  of  urine,  ii.  374  ; 
on  respiration,  ii.427.  — psychical  func- 
tions, i.  376 

Nervous  tissues,  i.  52  ; ii.  655,  663 
Nervous  work,  ii.  577 
Nervorauscular  work,  ii.  555,  578 
Neural  cavity,  i.  133  ; ii.  60S 
Neurilemma,  i.  56 
Neurility,  i.  102,  273 
Nightmare  or  incubus,  i.  400 
Nipple,  ii.  356 

Nitrogen,  effect  of  breat'ning,  ii.  470. 
Elimination  from  lungs,  ii.  443  ; from 
skin,  ii.  400 

Nitrogenous  food  (.?ee  Food).  Constituents 
of  body,  i.  81,  97 

Nodes  or  Nodal  points  of  vibrating  bodies, 

i.  253 

NcEud,  vital,  i.  354  ; ii.  42S 
Non-azotiaed  constituents  of  the  body,  i. 
85.  99 

Non-nitrogenous  food  (.w  Food).  Con- 
stituents of  body,  i.  85,  97 
Non-vascular  tissues,  i.  62 
Nose,  structure  of,  i.  486.  Development 
of,  ii.  622,  624 

Notochord,  ii.  6U7  ; changes  of.  ii.  616 
Nucleated  cells,  i.  75  ; ii.  643-646 
Nucleus  and  nucleolus  of  animal  cell,  ii. 

643  ; of  vegetable  cell,  ii.  642 
Nl'TEITIOX,  i.  112  ; ii.  275.  Definition, 

ii.  275,  276.  Chyle,  ii.  276,  277.  Blooct, 
ii.  277  (5ee  Blood).  Organs  and  tissues, 
ii.  278.  Areas  and  centres  of,  ii.  280. 
Conditions  essential  to,  ii.  280 ; modify- 
ing it,  ii.  283,  284.  "When  most  active, 
ii.  280  Essential  cause  of,  ii.  279  ; 
stage  first,  ii.  278  ; second,  ii.  279 
third,  ii  280;  fourth,  ii.  281;  fifth,  ii. 
281,  282.  Continuous  growth,  ii.  282, 
283,  662.  Interstitial  disintegration  and 
deposition,  ii.  282,  283.  Influence  of 
nervous  system  on,  i.  394 ; ii.  284.  Not 
dependent  on  nervous  system,  ii.  284. 
Periodic,  hypertrophic,  and  hyperplas- 
tic, ii.  284,  285.  Perversions  oE  ii.  285. 
Dependent  on  blood,  ii.  287.  Effect  of 
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ligature  of  artenes,  ii.  2S7.  Effect  of 
determination  of  blood,  ii.  287.  Effect 
of  hjemorrhage,  ii.  288.  OflBce  of  white 
corpuscles  of  blood,  ii.  289 ; of  red,  ii. 
289  ; of  albuminoid  principles  of  blood, 
ii.  290  ; of  fibrin  of  blood,  ii.  291 ; of 
fatty  matter  of  blood,  ii.  292;  of  sugar 
of  blood,  ii.  292 ; of  extractivesof  blood, 
ii.  293;  of  salts  of  blood,  ii.  293-295; 
of  gases  of  blood,  ii.  295.  Of  the  em- 
bryo, ii.  610,  613,  639,  640 
Nutritive  glands,  ii.  320  (see  Ductless 
Glands) 

Nutritive  repetition,  ii.  283,  662 
Nuti’itive  work  of  body,  ii.  555,  576. 


OBJECTIVE  sensory  stimuli,  i.  426 
^ Oblique  muscles  of  eyeball,  i.  533 
Occipital  foramen,  i.  21  ; ii.  652 
Ocular  spectra,  i.  590  • 

Odontophore.  ii.  127 
Odours,  i.  489 

(Edema  of  the  glottis,  ii.  420 
(Esophagus,  i.  27, 110  ; ii.  32,  33.  Action 
in  deglutition,  ii.  33.  In  Vertcbrata. 
ii.  134-138.  In  Kollusca,  ii.  139.  In 
Molluscoida,  ii.  140.  In  Annulosa,  li. 
140 

(Esophageal  groove  in  Euminants,  ii.  131. 

Action  of.  ii.  132 
Old  age,  ii.  665,  668 
Oleic  acid,  i.  86 
Olein,  i.  85 

Oleophosphoric  acid,  i.  86 
Olfactory  cells,  i.  487.  — lobes,  i.  305. 487 ; 
ii.  621  ; in  animals,  i.  408,  412  : deveh*p- 
ment  of,  ii.  621.  — neives,  i.  313,  331, 
487 

Olivary  bodies,  i.  309, 356 
Omasum  of  Euminanls,  ii.  130 
Omenta,  i.  34 ; ii.  36 

Omphalo-mesenteric  arteries,  ii.  610,  634. 

— veins,  ii.  634 
Operculum  of  Fishes,  ii.  498 
Ophthalmometer,  i.  559 
Ophthalmoscope,  i.  597 

Optic  axes,  i.  532,  534,  — commissure,  i. 

532.  — tracts,  i.  532.  — centre  of  theoyc, 

i.  556.  — lobes  in  animals,  i.  408,  412. 

— nerve,  i.  314,  331,  531.  — pore,  i.  537. 

— thalamus,  i.  304 ; ii.  620 ; functions,  i. 
359.  — vesicles, ii. 621, 622;  secondary, 

ii.  622 

Optometers,  i.  564 
Orbits  of  the  eyes,  i.  526 
Organs  of  the’ Body,  weight  of,  ii.  534 
Organic  bodies.  Characters,  i.  148 
Organic  proximate  constituents  of  the 
body,  i.  80. 96.  Azotised  or  nitrogeni«ed, 
i.  SO,  81,  97.  Non-azotised,  i.  81,  85,  iJ9 
Organic  constituents  of  food,  ii.  82,  S3. 

— m.at’er  in  the  breath,  ii.  444 
Organisation,  i.  152 ; ii.  646 
Osmazome,  i.  89 

Osmosis,  ii.  160 

Osseous  tissue  (see  Bone  and  Tissue) 
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Ossicles  of  the  ear,  i,  503,  514 ; ii.  625 
Ossification,  from  cartilage,  ii.  649  ; from 
membrane,  ii.  650.  Intra-cartilaginous, 
ii.  648 ; 'where  it  occurs,  ii.  651.  Mem- 
branous, ii.  650 ; where  found,  ii.  650. 
Centres  of,  ii.  651.  Order  of  process,  ii. 
652 

Osteodentine,  ii.  18, 125 
Osteoblasts,  ii.  650 
Osteogenic  substance,  ii.  650 
Otoliths  or  otoconia,  i.  507,  520 
Ovary.  Of  Bird,  ii.  593.  Mammal,  ii.  597. 
Reptiles,  ii.  600.  Amphibia,  ii.  600. 
Fishes,  ii.  600.  Mollusca,  ii,  601,  An- 
nulosa.ii.  601.  Ccelenterata,  ii.  601.  — is 
a gland,  ii.  601.  Development  of,  ii.  632 
Oviduct  of  Bird,  ii.  593 
Ovipositor,  ii.  601 
O'visac,  ii.  593 
Ovule,  Vegetable,  ii.  590 
Ovuii,  ii.  583,  Compared  with  pseudo- 
vum,  ii.  589.  Unfertilised,  ii.  589. 
Origin  of,  from  parent,  ii.  590.  G-eneral 
account  of,  ii.  590.  Meroblastic,  ii.  591. 
Holoblastic,  ii.  591.  Sizes  of,  ii.  590, 
597.  Mammalian,  ii.  592, 597.  Of  Bird 
and  Reptile,  ii.  592,  593.  Of  Reptiles, 
ii.  600.  Amphibia,  ii.  600.  Fishes,  ii. 

600.  Mollusca,  ii.  601.  Annulosa,  ii. 

601.  Ccelenterata,  ii.  601.  Fertilisa- 
tion of,  ii,  601.  Micropyle  of,  ii.  603. 
Changes  in,  ii.  603 

Ox,  daily  work  of,  ii.  564 
Oxalate  of  lime  calculi,  ii.  384. 

Oxalic  acid,  i.  86  ; ii.  384 
Oxidation  of  body,  ii.  546.  — of  food,  the 
source  of  force,  ii.  554.  — processes  in 
body,  ii.  457-461.  — of  muscle,  ii,  561 
Oxygen,  i.  115.  Combines  with  red  cor- 
puscles, ii.  456.  Effect  of  breathing,  ii. 
471.  Discovery  of,  ii,  457.  Affinity  of 
cruorin  for,  ii.  449.  Combines  uith 
cruorin,  ii.  449, 450.  In  liquor  sanguinis, 
ii.  450.  Absorption  of,  in  respiration, 
ii.  438,  439.  Contained  in  venous  and 
arterial  blood,  ii.  451,  452.  Conditions 
which  modify  quantity  of,  absorbed  in 
respiration,  ii.  463,  464,  465 
Ozone,  ii.  437,  438 


■pACHYDERMATA  Digestive  organs, 
ii.  132, 134.  Digestive  glands,  ii.  145, 
Sight,  i.  598,  599.  Locomotion,  i.  220, 
221.  Cerebrum,  i.  407,  409,  410,  411 
Pacinian  coi’puscles,  i.  455 
Pain,  i.  440, 447 

Palate,  i.  474;  ii.  27,  28.  Cleft — , ii,  625. 

Hard  and  soft,  ii.  27,  28 
Palpebrae  or  eyelids,  i.  526 
Palpebral  fissure,  i.  628 
Palpitation  of  the  heart,  i.  446 
Palmitic  acid,  i,  86 
Palmitin,  i.  86 

Pancreas,  i.  33,  68,  111.  Description  and 
structure  of,  ii.  78.  In  animals,  ii.  146- 
148.  Development  of,  ii.  631, 
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Pancreatic  juice,  i.  Ill  ; ii.  79.  Secretion 
not  continuous,  ii.  79.  Composition,  ii. 
79,80.  Action,  ii.  98-102.  In  animals,  ii. 
150,  Present  in  small  intestine,  ii,  103 
Pancreatin,  i.  84;  ii,  79 
Pause  of  Ruminants,  ii.  130 
Papillae  of  cutis,  i.  453.  — of  teeth,  ii.  627, 
660.  — of  kidney,  ii.  368,  — of  tongue,  i. 
475 

Parapeptone,  ii.  86 

Parenchyma  of  Organs  (see  those  Organs) 
Parotid  glands,  i.  26  ; ii.  54 
Parthenogenesis,  ii.  584,  589 
Pathetic  nerve,  i.  314,  333 
Paunch  of  Ruminants,  ii.  130 
Peduncles  of  cerebellum,  i.  307.  — of  cere- 
brum, i.  297 

Pelvis,  points  of  adaptation,  i.  210.  — of 
kidney,  ii.  368 

Pepsin,  i.  84 ; ii.  63,  64,  87.  Special  action 
of,  ii.  91.  Properties  of,  ii.  91,  Source 
of,  ii,  544 
Peptone,  ii.  86 
Perception,  i.  367,  380 
Percussion  of  chest,  ii.  427 
Perenni-branchiate  Amphibia,  ii.  270. 
Circulation,  ii.  270.  Respiration,  ii, 
498,  499 

Pericardium,  i.  29 ; iz,  188.  — absent  in 
Amphioxus,  ii.  264 
Perichondrium,  i.  46 
Perimysium,  i.  51 
Periodontal  membrane,  ii,  18 
Peiiplast,  ii.  642,  643 

Peristaltic  or  vermicular  contraction,  i. 
160  ; ii,  44,  45 

Peritonseum,  i.  34 ; ii.  36,  42,  626 
Perivisceral  cavity  of  Actinozoa,  ii.  142 
Perspiration,  ii.  396.  Insensible,  ii.  397. 
Sensible,  ii.  397.  Chemical  composition, 
ii.  397.  Uses,  ii.  398,  399.  Average  quan- 
tity exhaled  in  24  hours,  ii.  398.  Quan- 
tity influenced,  ii.  398, 399.  Suppression 
of,  ii.  399.  Use  of  in  regulating  heat  of 
body,  in  510 

Pettenkofer’s  test  for  bile,  ii.  390 
Peyer's  glands,  i,  75,  113;  ii.  81, 159, 160 
Pharynx,  i.  110,  115  ; ii.  29-31.  Action 
on  deglutition,  ii.  31.  Closed  sacs,  ii. 
331.  In  animals,  ii.  129 
Phosphates,  elimination  of,  ii.  579 
Phosphatic  calculi,  ii.  387 
Phosphenes,  i.  571,  577,  594 
Phosphorence  of  animals,  ii.  525 
Photic  work,  ii.  527.  — of  body,  ii.  555 
Photometers,  i.  589 
Phrenic  nerve,  i.  319 
Phrenology,  i.  369 

Phthisis  and  imperfect  ventilation,  ii.  485 
Physics,  methods  of  research  in,  ii.  552, 

553 

Physiology,  General,  i.  101.  Special,  i.  155 

Pia  Mater,  i.  24,  295 

Pigeon,  mode  of  feeding  young,  ii,  118 

Pigment  cells,  i.  73,  83  ; ii.  659 

Pineal  gland  or  body,  i.  305,  356  ; ii.  630 

Pitch  of  a sound,  i.  253 
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PIT 

Pitiuta,  i.  486 

Pituitary  body,  i.  305,  356 ; ii.  327.  — 

membrane,  i.  486 

Placenta,  origin  of,  ii.  598.  Structure  and 
uses,  ii.  613.  Maternal,  ii.  598,  612. 
Detachment  of  part  of,  ii.  615.  Foetal 
part  of,  ii.  599,612.  Diffused,  ii.  614. 
Cotyledonous,  ii.  614.  Discoid,  ii.  614. 
Zonular,  ii.  614 

Plants,  classification,!.  139.  Resemblances 
between  them  and  animals,  i.  144.  Dif- 
ferences between  them  and  animals,  i. 
145.  Respiration  in,  i.  141  ; ii.  402. 
‘Structure  and  ftmctions,  i.  140.  Tissues 
of,  i.  141  ; ii.  642 

Plasma  of  the  blood,  i.  62, 112  ; ii.  278 
Plastic  deposits,  ii.  286.  — food,  ii.  6,  537, 
547, 561 

Pleura,  i.  27  ; ii.  407.  Costal,  ii.  407, 
Cavity  of,  ii.  4o7 

Pleural  chamber  of  thorax,  ii.  407 
Plexuses  of  vessels  (see  Capillaries  and 
Lymphatics) . — of  spinal  nerves,  i . 31 9. 

— of  sympathetic  nervous  system,  i.  322 
Plici-dentine,  ii.  125 

Pluteus,  ii.  586 

Pneumo-gastric  nerves,  i.  316.  Function 
of,  i.  334.  Influence  on  biliary  secretion, 
ii.  355, 356.  Effect  of  division  of,  ii.  429, 
430 ; on  glycogenic  function,  ii.  341 
Poison  fangs  in  serpents,  ii.  123 
Pollen  cells,  ii.  590 

PoLYZOA.  Digestive  organs,  ii.  140.  Di- 
gestive glands,  ii.  145.  Circulation,  ii. 
273.  Respiration, ii.  500.  Touch,  i.  472 
Pons  Yaroli,  i.  297.  Fibres  of,  i.  308. 
Functions  of,  i.  356.  Development  of, 
ii.  620.  In  Yertebrata,  i.  414 
Portal  canals,  ii.  71 

Portal  blood  is  source  of  bile,  ii.  354.  Cir- 
culation, ii.  69.  In  animals,  ii.  265,  267, 
268 

Portal  vein,  ii.  68 

Portio  dura,  or  facial  nerve,  i.  315,  333. 

— mollis,  or  auditory  nerve,  i.  315,  331, 
508,  521 

Posture,  erect,  i.  207.  — recumbent,  and 
mode  of  rising,  i.  206.  — sitting,  and 
mode  of  rising,  i.  206.  Effect  of  on  the 
pulse,  ii.  218 

Precursory  cartilage,  ii.  649.  — membrane, 
ii.  650 

Preformative  membrane,  ii.  660 
Prehensile  limbs  of  quadruped  Mammalia, 
i.  222 

Prehension  and  manipulation  in  animals, 

i.  244.  — in  Man,  i.  239.  — of  food  in 
animals,  ii.  117-119 

Presbyopia,  i.  565 
Pressure,  sensibility  to,  i.  464 
Primitive  streak  or  trace,  ii.  606.  Optic 
vesicles,  ii.  621,  622.  Dental  groove, 

ii.  627 

Primordial  vertebrjs,  ii.  615.  — kidneys, 
ii.  615 

Proboscis  of  Annulosa.  ii.  119.  — of  Ele- 
phant, i.  245 ; ii.  117 


PUR 

I Process,  Meckel’s,  ii.  625 
I Proglottis,  ii.  586 

Progression  upon  solids,  i.  203,  206.  — 
under  water,  i.  204.  — upon  a fluid,  i. 
204.  In  water,  i.  204,  227.  — through 
the  air  or  flight,  i.  205 
Pronation,  i.  242 
Propagation  of  sound,  i.  509 
Propionic  acid,  i.  86 
Prosencephalon,  ii.  619,  621 
Protein,  i.  97 

Proteus,  circulation,  ii.  270.  Respiration, 
ii.  492, 498 

Protoplasm,  i.  75 ; ii.  642,  643.  Move- 
ments of,  i.  182 

Protozoa,  general  characters  and  classes, 

i.  130.  Reproduction,  ii.  580,  583.  Heat, 

ii.  503.  Luminosity  in,  ii.  526.  Pre- 
hension of  food,  ii.  119.  Alimentary 
cavity  in  higher,  ii.  143.  Circulation . ii. 
275.  Contractile  vesicles,  ii.  275.  Re- 
spiration in,  ii.  501.  Sight,  possible,  i. 
607.  Locomotion  on  solids,  i.  227  : in 
fluids,  i.  233.  Nervous  system  and 
action,  i.  424 

Proventriculus  in  Birds,  ii.  135.  Use  of, 
ii.  136 

Proximate  constituents  of  the  body,  i.  SO. 
Inorganic,  L SO,  95.  Organic,  i.  SO,  96, 
100.  Proportions  of,  ii.  534  ; relative  to 
daily  food,  ii.  536 
Psalterium  of  Ruminants,  ii.  130 
Pseudo-branchije  of  Fishes,  ii.  343 
Pseudo-haemal  vessels  of  Annelida,  ii.  274 
Pseudoscope,  i.  583 
Pseudova,  ii,  583,  585,  589 
Psychical  functions  of  nervous  system,  i. 

iOS.272,  293,  361,  376,380 
Pteropods.  Digestive  organs,  ii.  139. 
Digestive  glands,  ii.  129.  Circulation, 
ii.  272.  Respiration,  ii.  499.  Sight,  i. 
604.  Locomotion,  i.  233 
Ptyalin  or  salivin,  i.  84  ; ii.  58 
Puberty,  ii.  665 

Pulmonary  artery,  i.  29:  ii.  413,  414. 

— veins,  i.  29  ; ii.  413,  414 
Pulmonat^  or  air-breathing  Yertebrata, 
warm  and  cold-blooded,  ii,  2<54 
Pulp  of  tooth,  ii.  15 

Pulse,  ii.  234-242.  Frequency  of,  ii.  218. 
Modified  by  many  causes,  ii.  217-221. 
Cause,  immediate,  ii.  234  ; remote,  ii. 
234.  Locomotion  of  artery  in.  ii.  235. 
Theories  of,  ii.  235,  236.  Pulse-wave, 
rate  of,  ii.  235.  Characters of,ii. 237.  239, 
240,  Dichrotal,  ii.  236  ; cause  of,  ii. 
238,  239.  Absolute  duration,  ii.  240. 
Yolume  of,  ii.  237.  Influence  of  re.«pi- 
ratory  movements  on,  ii.  241 . Modified 
by  heart’s  action,  ii,  241.  Irregular,  ii. 
242.  Intermittent,  ii.  242.  Respiratory, 
ii.  253.  Yenous,  ii,  208 
Pulse-respira'iion  ratio,  ii.  220, 425,  Effect 
of  disease  on,  ii.  425 
Pupa,  ii.  587 

Pupil  of  the  eye,  i.  538,  566  ; ii.  623 
Purkinje,  image  of,  i.  593 
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PUS 

Pus,  ii.  286 
Putrefaction,  ii.  669 
Pyloric  appendages,  ii.  147,  148 
Pylorus  or  pyloric  valve,  ii.  37 
Pyramids  of  Malpighi,  kidney,  ii.  368.  Of 
the  medulla  oblongata,  i.  309  ; aecussa- 
tion  of,  i.  309 


QUADRUMANA.  Digestive  organs,  ii. 
130,  134.  Digestive  glands,  ii.  146. 
Mammary  glands,  ii.  363.  Touch,  i. 
471.  Sight,  i.  598,  599.  Locomotion  on 
solids,  i.  218-220.  Voice,  i.  269.  Pre- 
hension, i.  244,  245.  Cerebrum,  i.  406, 
408,  409,  410,  413.  Cerebellum,  i.  413, 
414 

Quadrupeds,  m*^de  of  standing  and  loco- 
ni  )tion,  i.  219.  Adaptation  for  swim- 
ming, i.  228 
Quinoidin,  ii.  446 


■pADIATA.  General  characters,  i.  121. 

Rales,  ii.  426,  427 
Reason,  i.  367, 379 

Receptaculum  chyli,  ii.  155  ; in  Birds  two, 
ii.  186 

Reciprocation  of  sounds,  i.  264 
Kecoiiection,  i.  377 
Recti  muscles  of  eyeball,  i.  533 
Rectum,  i.  33  ; ii.  46 
Reed  of  Ruminants,  ii.  130 
liehectioii  of  light,  i.  545,  546 ; sound, 
i.  511 

Reflex  action  of  spinal  cord,i.  346.  — acts, 
i.  277,382.  — movements,!.  347,382  ; re- 
spiratory, i.  346;  ii.  428,  429;  sympa- 
thetic, i.  393 

Refraction  of  light,  i.  549,  550 
Regeneration  of  the  tissues,  ii.  663 
Regurgitation  of  food,  ii.  50.  Contents  of 
crop  by  pigeon,  ii.  136 
Relations  between  Organic  and  Inorganic 
Kingdoms,  i.  148.  Between  Animals, 
and  Plants,  and  Minerals,  i.  148.  Be- 
tween Animal  and  Vegetable  Kingdoms, 

i.  139.  Of  Man  with  Animals,  i.  118. 
Of  Man  and  Animals  with  Plants,  i. 
139.  Of  Man  with  external  nature,  i. 
US 

Renal  arteries,  ii.  370.  — veins,  ii.  370. 
— vessels  in  animals,  ii.  393.  — excre- 
tion, ii.  365 

Renal  portal  system  in  animals,  ii.  267, 
268,  393 

Rennet-bag  of  Ruminants,  ii.  131 
Reparation,  i.  112  ; ii.  275.  — of  the 

tissues  generally,  ii.  661  ; — in  animals, 

ii.  661.  Separate  tissues  in  man,  ii.  662, 
663 

Reparative  force,  ii.  661.  Phenomena,  ii. 
286 

RKPRODrCTiox  of  the  individual,  ii.  275, 
580.  — of  Vegetables,  ii.  581,590,  — of 


RES 

Animals,  ii.  582.  Equivocal  or  spon- 
taneous, ii.  580,  589.  — of  Yertebrata, 
ii.  583.  — Mammalia,  ii.  597.  — Birds, 
ii.  593.  — Reptiles,  ii.  600.  — Amphibia, 
ii.  600.  Fishes,  ii.  600.  Mollusca,ii.  583. 
Molluscoida,  ii.  583,  585,  587.  Annu- 
losa,  ii.  583,  585,  586.  Annuloida,  ii. 
583,  86.  Ccelenterata,  ii.  582,  583,  586. 
Protozoa,  ii.  580,  582,  583-586.  Insecta, 
ii.  584,  587.  Crustacea,  ii.  583,  585. 
Fntozoa,  ii.  586,  587.  Echinodermata, 
ii.  586.  Infusoria,  ii.  580-583,  586. 
Bee,  ii.  584.  Aphides,  ii.  583,  585. 
Tienia,  ii.  586.  Noii-sexual,  ii.  582. 
Sexual,  ii.  583.  Fissiparous,  or  by  divi- 
sion, ii.  582,  586,  589.  Gemmiparous, 
or  by  buds,  ii.  582,  589.  Oviparous,  ii. 
583,  591.  Hermaphrodite,  ii.  583.  Pai- 
thenogenetic,  ii.  584-589.  Alternate, 
ii.  585,  589.  Ovoviviparous,  ii.  600.  Vi- 
viparous, ii.  591.  Of  a lost  part,  ii.  275. 
Reptilia.  Prehension  of  food,  ii.  118. 
Teeth,  ii.  123,  124.  Jaws,  ii.  127.  Sali- 
vary glands,  ii.  128.  Pharynx,  ii.  129. 
(Esophagus,  ii.  137.  Stomach,  ii.  137. 
Integuments  of,  i.  473.  Intestines,  ii. 
137.138.  Cloaca,  ii.  138.  Liver,  ii.  144. 
Gall-bladder,  ii.  146.  Pancreas,  ii.  147. 
Lymphatic  heaii:s,  ii.  186.  Portal  cir- 
culation, ii.  267.  Heart,  ii.  265.  266. 
Aortic  arches,  ii.  266,  267.  Pulmonary 
and  systemic  circulations,  ii.  266.  Renal 
portal  system,  ii,  267.  Respiration,  il. 
490,  491.  Spleen,  ii.  342.  Supra-renal 
bodies,  ii.  342.  Thj’roid  body,  ii.  342. 
Thymus  gland,  ii.  343.  Kidneys,  ii. 
392.  ■ Thorax,  ii.  490,  491.  I.ungs,  ii. 
490,  491.  Tongue,  i.  483.  Touch,  i. 
472.  Taste,  i.  483.  Smell,  i.  498. 
Hearing,  i.  522,523,  Sight,  i.  601,  Heat, 
ii.  604.  Ova  of,  ii.  600.  Locomotion  on 
solids,  i.  224,  225  ; in  fluids,  i.  229.  230  ; 
ill  air,  i.  234,  235.  Voice,  i.  271.  En- 
cephalon, i.  405,  Cerebrum,  i.  407,  408, 
‘ill,  412,  413.  Cerebellum,  i.  413,  414. 
Spinal  cord,  i.  415.  Vagus  nerve,  i.  416. 
Corpora  bigemina,  i.  412.  Reproduc- 
tion of,  ii.  600 
Reserve  air,  ii.  432,  433 
Residual  air,  ii.  432,  433 
Resonance  of  sounds,  i.  262 
Resorption,  ii,  184 

Respiratiox,  Organs  of,  ii.  404.  Air- 
passages,  ii.  404;  — ciliated,  ii.  423. 
Bronchi,  ii.  405,  406,  Lungs,  ii.  406- 
414;  air-cells,  ii.  412,  413;  air-sacs,  ii. 
411,  412;  arteries,  bronchial,  ii.  414, 
pulmonary,  ii.  413;  bronchia,  ii.  410; 
intercellular  passages,  ii.  411,412  ; lobes, 
ii.  408,409  ; lobules,  ii.  409  : lymphatics, 
ii.  414  ; nerves,  ii.  414  ; parenchyma,  ii. 
409  ; pleura,  ii.  407,  408 ; veins,  bron- 
chial, ii.  41 4,  pulmonary,  ii.  414.  Thor*ax, 
ii.  404;  cavity  of,  ii.  404;  framework 
of,  ii.  404  ; openings  of,  ii.  404.  Trachea, 
ii.  404-406 

function  of,  i.  114;  ii.  401.  Ac- 
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tivity  of.  related  to  number  and  size  of 
red  corpuscles,  ii.  Air.  changes  of 
in  composition,  ii  40G,  4-38, 
ill  moisture,  ii.  435,  430,  4o7.  in  tem- 
perature, ii.  435.430;  complemental,  ii. 
43*2,  433  ; composition  of  dry,  ii.  438  ; 
effect  of  a single  respiration  on,  ii.  438  ; 
ingi’ess  of,  facilitated,  ii.  420  ; resi-rve, 
ii.  432,  433  ; residual,  ii.  432,  433 ; sup- 
plemental, ii.  432.  433  ; tidal,  ii.  432, 
433;  quantity  of,  inspired  and  expired 
in  24  hours,  ii.  435.  Artificial  respira- 
tion. ii.  478,  479,  480,  481.  Breathing- 
air,  ii.  432,  433.  Carbonic  acid,  elimina- 
tion of,  ii.  439-443 ; experiments  ou 
quantity  given  off,  ii.  439-442  ; quantity 
given  off  in  24  hours,  ii.  443 ; how  modi- 
fied, ii.  4G3-469.  Capacity  of  chest,  ex- 
treme differential,  ii.  432.  Chemical 
processes,  how  modified,  ii.  403-409. 
Cilia,  use  of  in,  ii.  423.  Disorders  of,  ii. 
420,  430  ; from  injury  to  thoracic  walls, 
ii.  420,  421.  Effects  of,  on  the  blood  and 
ti>sues.  ii.  444-402 ; on  colour  of  the  blood, 
ii.  444,  causes  of.  ii.  445-450  ; on  fibrin  of 
the  blood,  ii.  450  ; — gases  of  the  blood, 
ii,  451-402 ; — temperature  of  the  blood, 
ii.  450,  451  ; of  other  gases  than  air  on, 
ii.  469-473 ; of  impure  air  in,  ii.  482-487. 
Elastic  force  of  lung  in,  ii.  422,  423.  Em- 
bryonic, ii.  612,  613,  639.  Gases,  dif- 
fusion of,  in,  ii,  453-457.  Immediate 
etTect  of,  ii.  402.  Importance  of,  ii.  403. 
Nervous  system,  influence  of,  on,  ii. 
427-430.  Nitrogen,  elimination  of,  ii. 
443.  Organic  matter,  elimination  of, 
ii.  444.  Oxidation  process,  object  of, 
ii.  402  ; seat  of,  ii.  457-461.  Oxygen, 
absorption  of,  ii.  438,  439  ; explanation 
of  interchanges  of  gases  in,  ii.  452-462  ; 
source  of,  ii.  403 ; quantity  modified,  ii. 
463-465.  Period  of  a,  consists  of  three 
stages,  ii.  425,  Pulse-respiration  ratio, 
ii.  425  ; in  disease,  ii.  425.  Varieties  of, 
abdominal,  ii.  417,  how  hindered, ii.  41 7 ; 
diapluragmatic,  ii.  417;  costal  inferior, 
ii.  417,  superior,  ii.  417  ; number  of  per 
minute,  at  different  ages,  ii.  424  ; nmn- 
ber  of  circumstances  which  modify  the, 
ii.  424,  425  ; pectoral,  ii.  417.  Kliytlim 
of,  ii.  424 ; affected  by  nervous  system, 
ii.  427-430.  Sounds  of,  various,  ii.  426, 
427.  Spirometer,  a measure  of,  ii.  432. 
Intestinal,  ii.  106.  Mechanism  of,  ii. 
414.  Movements  of,  reflex,  ii.  428 ; 
Movements  of  expiration,  ii.  421-424  ; 
jiartly  passive,  ii.  421 ; elasticity  of  lung 
iujii.  421,  422;  muscles  concerned  in, 
ii.  423,  424  ; walls  of  air-cells, used  in,  ii. 
423 ; in  Birds,  active,  ii.  489 ; force  of, 
ii.  426.  Movements  of  inspiration,  ii. 
414-420;  first,  at  birth,  ii.  429;  chief 
work  of.  ii.  420  ; enlargement  of  thorax 
in,  ii.  415-417  ; force  of,  ii.  426,  in  full, 
ii.  435  ; ingress  of  air,  how  facilitated, 
ii.  420  ; muscles  concerned  in,  ii.  417- 
419  ; supplementary  uses  of,  ii.  431-432, 


REX 

Nerves,  afferent  and  efferent  of,  ii.  42S» 
429;  effect  of  division  of,  ii.  429,  430. 
Nervous  centre,  le  noeud  vital,  or  vital 
knot,  i.  354, 355 ; ii.  428,429.  Substances 
oxidised  in , nature  of.  ii.  461 . Temporary 
suspension  of,  ii.  470-478.  Eltimate 
uses  of,  ii.  402.  \ ital  capacity  of  chest, 
ii.  432,  433.  434, 435  ; howinfluenced,  ii. 
434,  435.  Want  of  breath,  feeling  of,  ii. 
427,  428.  In  animals,  ii.  488-502  ; aerial, 
ii.  402,  488-496  ; aquatic,  ii.  403,  496- 
502  ; in  warm-blooded  animals,  ii.  522 ; 
in  cold-blooded  animals,  ii.  522;  in 
Mammalia,  ii.  488  ; Birds,  ii.  488-490  ; 
Keptiles,  ii.  490,491.  522  ; Amphibia,  ii, 
491-493,  497,  498;  Fishes,  ii.  493,  494, 
498.  499  ; Mollusca,  ii.  494,  499,  500 ; 
Molluscoida,  ii.  500 ; Annulosa,  ii,  494- 
496,  500,  501 ; Annuloida.  ii.  501  ; Cce- 
lenterata,  ii.  501 ; Protozoa,  ii.  501  ; in 
Insects,  ii.  495,  496  ; in  Plants,  ii.  402. 
Besuiratorj*  food,  ii.  6, 537, 547, 561  ; — dis- 
turbances produce  diabetes,  ii.  341, 589  ; 

— tract,  ii.  428. 

Restiform  bodies,  i.  309.  310 
Ketcbing,  ii.  50 

Rete  mucosiim,  i.  449 
. Retia  mirabilia  in  animals,  ii.  265,  268 
Reticulum  of  Ruminants,  ii.  130 
Retina,  i.  531,  539;  ii.  622.  Action  of, 
i.  569.  Corresponding  parts  of,  i.  577 
Retinal  elements,  i.  540.  — images,  extra- 
retinal,  i.  592 ; intra-retinal,  i.  593. 

— impressions,  i.  586 
Rheoscopic  limb  of  a frog,  i.  289 
Rhonclu,  ii.  426,  427 

Rhythm  of  the  heart,  ii.  215.  — of  respira- 
tory acts,  ii.  424 
Rhythmic  contraction,  i.  160 
Ribs,  i.  10  ; ii.  617 

Rigidity  of  death,  or  rigor  mortis,  i.  17.>, 
175 ; ii.  669.  Probable  causes  of,  i.  176. 
Time  of  occurrence,  U 175 
RivinLin  duct,  ii.  55 
Rods  of  Corti,  i.  5(>8,  519 
Rodextia.  Digestive  organs,  ii.  132,  1S4. 
Digestive  glands,  it  144,  145,  146. 
Supra-renal  bodies,  ii.  342.  Touch,  i. 
471.  Sight,  i.  598.  Locomotion,  i.  222. 
Cerebrum,  i.  407,  408,  409,  411,  413. 
Cerebellum,  i.  414 

RonTER.\..  Digestive  organs,  ii.  141. 
Digestive  glands,  ii.  129,  143,  148. 
■\Vater-vessc-ls,  ii.  274.  Respiration,  ii. 
501.  Touch,  i.  472.  Hearine,  i.  525. 
Sij:ht,  i.  607.  Locomotion,  i.  233 
Rumen  ot  Ruminants,  ii.  130 
Rcmixaxtu.  Digestive  organs,  ii.  130, 
131,134.  Digestive  glands,  ii.  128.144, 
145,  146.  Bone  of  heart,  ii.  265.  Mam- . 
maryglands.ii.  363.  Smell, i.  497.  Sight, 
i.  598,  599.  Locomotion,  i.  220,  221, 
222.  Cerebrum,  i.  407,  409,  410,  411.  T 
Cerebellum,  i.  414  . 

Rumination,  ii.  131,  132.  Reflex  chanve-i 
ter  of,  ii.  132  J 

Running,  act  of,  i.  21S 
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SOB 


QAXIVA,  i.  110.  Flow  of,  aided  by  mus- 
^ cular  contraction,  ii.  55.  Indnence 
of  nervous  system  on  secretion  of,  ii.  55, 
56,  57.  Effect  of  mercury  on  flow  of, 
ii.  56.  Chemical  composition  of,  ii.  57. 
Corpuscles  of,  ii.  57,  Cause  of  alkalinity 
of,  ii,  5S.  Action  of,  ii.  84,  85.  Sulpho- 
cyanide  of  potassium  in,  ii.  58.  Present 
in  upper  part  of  duodenum,  ii.  103 
Salivary  bladder  in  Ant-eater,  ii.  128 
Salivary  glands,  i.  26,  110;  ii.  54.  Sub- 
lingual, i.  26 ; ii.  55.  Parotid,  i.  26 ; ii.  54 ; 
Submaxillary,  i.  26  ; ii.  55.  In  animals, 
ii.  128,  129 

Salivin,  or  ptyalin,  i.  84 ; ii,  85 
Salts,  absorption  of,  ii.  176.  Of  urine,  ii. 
385,  Of  blood,  i.  91 ; ii.  293.  Use  of  in 
body,  ii.  293,  540.  Destination  of  in 
body,  ii.  540 

Sanguification,  i.  113  ; ii.  276,  277,  314. 

In  animals,  ii.  342,  343 
Sapidity,  i.  481 
Sarcin  or  Sarcosin,  i,  85 
Sarcode,  movements  of,  i.  182 
Sarcolemma,  i,  49 

Sarcous  elements  of  muscle,  i.  48,  50 
Satiety,  sensation  of,  i.  445 
Seal®  of  cochlea,  i.  506 
Schneiderian  membrane,  i,  485 
Sclerotic,  i.  531.  536 

SCOLECIDA.  Digestive  organs,  ii.  141.  Re- 
spiration, ii.  501.  Locomotion,  i.  233 
Scolex,  ii.  586 

Scorbutus,  or  Scurvy,  ii.  295 
Sebaceous  glands,  i.  69,  459 
Sebaceous  matter,  ii.  395 
Secretion,  i.  113;  ii.  343.  Definition, 
ii.  275,  343.  Performed  by  glands  or 
membranes,  ii.  344.  Products  of,  like 
or  different  to  tliose  in  blood,  ii,  344. 
Products  of,  usually  crystalloid,  ii.  345. 
Influenced  by  epithelial  cells,  ii.  346 ; 
by  various  conditions,  ii.  348  ; by  quan- 
tity of  blood,  ii.  348;  by  quality  of 
blood,  ii.  348  ; by  external  stimuli,  ii. 
349;  by  nervous  ^system  on,  i.  394;  ii. 
349-351.  Cause  of  different  secretions, 
ii.  346,  347.  Epithelial  cells  essential  to, 
ii.  347.  Constant,  intermittent,  or  re- 
mittent, ii.  352.  Special,  in  animals, 
ii.  395.  Movement  of,  along  ducts,  ii. 
352.  Compared  with  nutrition,  ii.  353, 
354 ; — with  excretion,  ii.  345,  346 
Secretions,  particular  (see  those  Secretions) 
Secreting  membranes  and  glands,  i.  68,  69 
Sediments,  urinary,  ii.  385,  386 
Segmentation  of  yolk,  ii.  603 
Segments  of  body,  mode  of  balancing,  i.  212 
Segments,  dorsal,  ii.  615 
Semicircular  canals  of  ear,  i.  506,  520  ; ii. 
623 

Semilunar  cartilages,  i.  193 
Sensation,  i.  108,  272,  293,  380.  Centres 
of,  i.  337.  Conditions  of,  i.  426.  Defini- 
tion of.  i.  425.  Effect  of  repetition,  i. 
431.  In  general,  i.  425.  Laws  of,  i.  419. 
Paths  of  in  spinal  cord,  i,  339.  Special, 


i.  433.  Suspension  of,  i.  432.  Telocity 
of  impressions,  i.  430 

Sensations.  After  effects,  i.  431 . Associ- 
ated, i.  431.  Connected  with  circulating 
system,  i.  446.  Connected  with  ropira- 
torj^  organs,  i.  446.  Duration  of,  i.  43o. 
Effect  of  alternating,  i.  432.  Internal 
or  corporeal,  i.  441 ; nervous,  i.  4-H  ; 
muscular,  i.  441.  Outward  projection 
of,i.429.  Peculiarities  of,  i.  432.  Radia- 
tion of,  i.  345.  Transference  of,  i.  345. 
Variety  of,  i.  433 
Senses  of  animals,  special,  i.  439 
Senses,  i.  425.  Varieties  of,  i.  433.  Organs 
of  (see  Separate  Senses) 

Sensibility,  property  of  nervous  tissues,  i. 
101,  272,  293 

Sensori-motor  acts,  i.  348,  382 
Sen'orium,  common,  i.  360.  True,  i.  3o9, 
o6l 

Sensory  fibres  of  nerves,  i.  277.  Stimuli, 
i,  426  ; objective,  i.  426  ; subjective,  i. 
427 

Septum  of  auricles,  ii.  636.  — of  ventricles, 
ii  636 

Serous  membranes,  i.  68 
Serous  secretions,  ii.  364.  Chemical  com- 
position, ii.  364 
Serum  of  blood,  i.  65 
Sliell  and  shell-membrane  of  egg,  ii.  595 
Shouting,  ii.  430 
Sighing,  i.  266  ; ii.  431 
SiG-HT,  i.  526-554.  In  animals,  i.  597-607. 
Information  given  by  sense  of.  i.  574, 
583.  Long  and  short,  i.  563.  Organs  of, 
i.  526 

Sigmoid  flexure,  ii.  46 
Singing,  i.  260  ; ii.  430 
Single  vision  with  two  eyes,  i.  576 
Sinus  urogenitalis,  ii.  611,  631.  — ter- 

minalis,  ii.  634 

Sinuses  of  Valsalva,  ii.  193,  194.  — of  au- 
ricles, ii.  189,  193 
Sipping,  ii.  27 
Skeleton,  i.  7 

Skeleton,  development  of,  ii,  615.  Ver- 
tebrate, development  of,  ii.  653 
Skin,  i.  13,449;  it.  395.  In  animals,!.  473. 
Development  of,  ii,  618.  Fatty  secre- 
tion, ii.  395.  Perspiration,  ii.  396-400. 
Exhalation  of  water  by,  ii.  396  ; of  car- 
bonic acid,  ii.  400.  Absorption  of  oxygen 
by,  ii.  400;  of  nitrogen,  ii.  400.  In- 
terrupted action  of,  ii.  401 . 

Skull  and  spinal  column,  cavity  of,  i.  1!). 
SkuU,  development  of,  ii.  616 
Sleep,  i.  396,  432.  Amount  required,  i. 
399.  Causes  of,  i.  398.  Effect  on  animal 
heat,  ii.  505 

Smell,  i.  491.  Acuteness  of,  i.  495.  After 
sensations  of,  i.  495.  Conditions  of,  i, 
492.  Organs  of,  i.  4S4.  Organs  and 
sense  in  animals,  i.  496.  Sense  of,  i.  484. 
Snapping  turtle,  ii.  530 
Sneezing,  ii.  430,  431 
Snoring,  ii.  431 
Sobbing,  ii.  431 
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Socket  or  cavity  of  joints,  i.  191 
Softening,  ii.  2<S5 

SoLXPEDS.  Digestive  organs,  ii.  132,  134. 
Digestive  glands,  ii.  14o,  146.  Sight,  i. 
598,  599.  Locomotion,  i.  220 
Solitary  glands  of  intestinal  canal,  i.  113  ; 
ii.  158 

Somatic  death,  ii.  665 
Somnambulism,  i.  401 
Sound  and  its  propagation,  i.  509.  — 

colours,  i.  51 1 , 520.  Comnrunication  and 
excitation  of,  i.  510 

Sounds,  pitch  of,  i.  253.  Strength  or  in- 
tensity of,  i.  253.  Tone  or  timbre  of,  i. 
253.  Their  production  andmoditicaiion, 

i.  252.  Of  heart,  ii.  209-213  ; characters 
of,  ii.  209  ; causes  of,  ii.  210,  211 

Speaking,  i.  266  ; ii.  430 
Suedes,  reproduction  of,  ii.  580,  587 
Specific  gravity  of  Human  Body,  ii.  532. 
Of  organs  (given  with  the  Organs).  Of 
animal  fluids  and  tissues,  i.  78  (Table) 
Spectra,  i.  590 
Spectroscope,  ii.  446 

Spectrum,  solar,  i.  546.  Absorption  or 
dark  bands  of,  ii.  446.  Colour  bands  of, 

ii. 446.  — analysis,  ii.  446  ; — of  blood, 
ii.  447 

Speech,  i.  266.  Imperfections  of,  i.  268 
Sperm -cell,  ii.  583,  589, 642 ; — force,  ii.  GOl 
Spermatozoa,  ii.  589,  602 
Spermotheca,  ii.  584,  601 
Spherical  aberration,  i.  552,  556 
Sphincters,  ii.  49 
Sphygmograph,  ii.  236-238 
Spigelian  lobe,  ii.  67 
Spina  bifida,  ii.  616 

Spinal  canal,  i.  21.  Column,!.  7.  Acces- 
sory nerve,  i.  317,  335.  Cord,  i.  24,  108, 
294,297,311  ; central  canal  of,  i.  313; 
central  grey  commissure  of,  i.  312; 
columns  of,  i,  oil ; enlargements  of,  i. 
31 1 ; functions  of,  i.  338  ; reflex  action 
of,  i.  346;  of  Yertebrata,  i.  415;  effect 
of  injury  of,  on  respiration,  ii.  429  ; 
effect  of  in  glycogenic  function,  ii.  341  ; 
Development  of,  cord,  ii.  616,  619.  — 
nerves  (see  Nerves) 

Spirometer,  ii.  432 
Spitting,  ii,  430 

Splanchnic  nerves,  influence  on  glycogenic 
function,  ii.  341 

Spleen,  i.  33, 74, 113  ; ii.  320.  Description 
of,  ii.  320.  Coats  of,  ii.  321.  Trabeculje 
of,  ii.  320,  321.  Parenchyma  or  pulp, 
ii.  320.  321.  Coloured  cells  of,  ii.  321. 
Malpighian  corpuscles,  ii.  321.  Arte- 
ries, h.  321.  Veins,  ii.  322.  Capillaries, 
ii.  321.  Lymphatics,  ii.  322.  Nerves, 
ii.  322.  Viiite  blood  corpuscles  formed 
in,  ii.  323.  Corpuscles  formed  in,  ii.  323. 
Red  corpuscles  disintegrated  in,  ii.  323, 
Chemical  composition,  ii.  324.  Variable 
size.  ii.  324.  Probable  othce,  ii.  324.  In 
animals,  ii.  342.  Development  of,  ii. 
631 , 658 

Spongida,  reproduction  of,  ii.  582,  583,  586 


STE 

Spongilla,  ii,  586 

Spontaneous  amputation,  ii.  661.  — com- 
bustion. ii,  523.  — generation,  ii.  580 
Squint,  i.  534 
Stammering,  i.  268 

Standing,  i.  213.  — at  ease,  i.  213.  — on 
one  leg,  i.  213 
Stapes,  i.  503  ; u.  625 

Starch,  vegetable,  i.  86.  Action  of  saliva 
on,  ii.  84,  85 ; of  bile  on,  ii.  96 ; of  i>an- 
creatic  juice  on,  ii.  98 ; of  intestinal 
juices  on,  ii.  102.  Destination  of,  in 
bod}’,  ii.  541.  — equivalent,  ii.  541.  In 
daily  food,  u.  536 

Starch,  animal,  ii.  78.  Formed  by  hepatic 
cells,  ii.  335 

Starvation,  i.  445;  ii.  549.  In  Animals, 
ii.  548 

Stasis  of  red  corpuscles  of  blood  in  inflam- 
mation, ii.  286 

Statics  of  Human  Body.  ii.  .532-550 

Srature  of  Hunjan  Body.  ii.  533 

Steam  Engine,  "Work  of,  ii.  554,  560. 

Compared  to  work  of  body,  ii.  554,  560 
Stearic  acid,  i.  86 
Stearin,  i.  86 
Stenonian  duct.  ii.  54 
stereomonoscop*^,  i.  582 
Stereoscope,  i.  581 
Sieriii  fissura,  ii.  617 
Stennira,  i.  10 ; ii.  617 
Stethoscope,  ii.  209 
Stigma,  ii.  594 

Stimuli,  action  on  the  nerves,  i.  273. 
Exciting  muscular  contractility,  i.  156. 
Of  nervous  excitability,  i.  272.  Of  the 
retina,  i.  594.  Of  sensation,  i.  426.  Of 
vital  properties  of  animal  tissues,  i,  103, 
156;  external  stimuli,  i.  103;  internal 
stimuli,  i.  104:  mental  stimuli,  i.  l'»4. 
Of  vital  properties,  action  of,  i.  103, 
104 

Stolon,  in  animals,  ii.  582 
Stomach,  i.  31,  110.  Description  and 
structure  of,  ii.  35-38.  Digestion  seen 
in,  ii.  92,  93.  Function  of.  ii.  3S. 
Movements  of,  ii.  39.  Alveoli  of,  ii.  5s. 
Tnbuli  or  glands  of,  ii.  58-60.  Peptic 
cells  of,  ii.  60.  Solitarj*  glands  of,  ii.  61. 
Post-mortem  digestion  of,  ii.  $9,  140. 
Of  Saint  Martin,  ii.  61, 87, 90-93.  Gases 
contained  in,  ii.  105,  106.  Juice  of,  ii. 
61.  Coats  of,  ii.  36.  Temperature  of, 
ii.  87.  In  Mammalia,  ii.  13ii-133.  In 
Rnminantia  divided  into  four  distinct 
cavities,  ii.  130. 131.  In  Birds,  ii.  DM, 
135.  In  Reptiles,  ii.  137,  In  Amphibia, 
ii.  138.  In  Fishes,  ii.  138.  In  Mollusca, 
ii.  139.  In  Mol.uscoida,  ii.  14u.  In 
Annulosa,  ii.  140.  141.  In  Annuloida, 
ii.  141. 142.  Closed  sacs  of,  ii.  331.  In 
animals,  ii.  130-142,  Development  of, 
ii.  625 

Strabismus,  i.  534 
Stridulation,  i.  271 
Stringed  insTruments,  i.  253 
Strobila,  ii.  586 
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Stutteiing,  i.  268 
Subarachnoid  fluid,  i.  295 
Subcutaneous  areolar  tis>ue.  i.  13 
Subjective  sensory  stimuli,  i.  427, 466, 470, 
482,  495,  521 , 595.  — “ Ego,”  i.  378 
Sublingual  glands,  i.  26  ; ii.  55 
Submax'illary  glands,  i.  26  ; ii.  55 
Submergence,  effect  of,  in  syncope,  ii.  478 
Succus  entericus,  ii.  SO 
Sucking,  ii.  26.  In  Mammalia,  ii.  11 7 
Sudoric  acid,  ii.  397 

Sudoriferous  or  sudoriparous  glands,  ii.  396 
Sugar,  i.  86.  Grape,  glucose,  or  dextrose, 

i.  86.  Inosite,  i.  80.  Lactin,  or  sugar 
of  milk,  i.  86.  Absorption  of,  by  veins, 

ii.  176  : by  lacteals,  ii.  176.  From  trans- 
formation of  glycogen,  absorbed  by  he- 
patic veins,  ii.  336.  Average  quantity 
in  liver  of  man  and  animals,  ii.  337. 
Found  in  liver  of  animals,  ii.  337.  Pro- 
portion in  different  kinds  of  blood,  ii. 
337.  Trominer  s test  for,  ii.  85.  Effect 
of  cavering  animals  with  varnish  on 
formation  of,  ii.  340.  Accumulates  for 
hybernation,  ii.  340.  In  diabetes,  ii. 
340,389,544.  In  urine,  ii.  375, 389.  In- 
creased or  diminished  by  medicines,  ii. 
340.  Increased  by  section  of  splanchnic 
nerves,  or  of  sympathetic  in  neck,  ii. 
341  : by  disturbed  respiratoxy  functions, 
ii.  o41 , 589  ; by  irritating  floor  of  fourth 
ventricle,  i.  356,  394 ; ii.  340,  341  ; by 
certain  portion  of  the  cerebro-spinal 
axis,  ii.  341.  Restrained  by  section  of 
vagus  nerves,  or  of  cord,  below  origin  of 
phrenic  nerves,  ii.  341.  Eestination  of 
in  body,  ii.  541, 

Sulci  of  cerebellum,  i.  307.  — of  cerebrum, 

i.  300 

Sulphocyanide  of  potassium,  of  saliva  ,ii.  58 
Sun-stroke,  ii.  511 
Supination,  i.  242. 

Supplemental  air,  ii.  432,  433 
Suppuration,  ii.  286 

Suprarenal  bodies,  i.  31,  74. 113  ; ii.  325. 
Description  of,  ii.  325.  Sti'iicture  of, 

ii.  325,  326.  Functions  of,  ii.  326.  In 
animals,  ii.  342 

Suspended  respiration  and  animation,  ii. 
476 

Sutures,  i.  21.188.  Dentate  or  serrated, 
i.  188.  Linibous,  i.  188.  Squamous,  i. 
188.  False,  i.  ISS 

Swallowing,  ii.  27-35  {see  Deglutition) 
Sweat,  ii.  396  {see  Perspiration) 

Sweat  glands,  i.  69, 114;  ii.  396 
Swimming  of  animals,  i.  228.  — of  man, 
i,  227 

Sympfithetic  Ganglia  and  Nerves,  func- 
tions of,  i.  386.  Nerves,!. 31, 34;  action 
on  vessels,  i.  391  ; section  increases 
glycogenic  function,  ii.  341 
Sympathetic  nervous  system,  i.  204,  322. 
In  animals,  i.  416.  Influence  of,  on  se- 
cretion and  excretion,  ii.  349-351.  In 
Vertebrata,  i.  416 
Sj'napta,  i.  424 


TAD 

Synarthroses,  or  immovable  joints,  i.  ISS 
Syncope,  death  by,  ii.  666 
Synovia,  or  joinfc-oil,  i.  12,  189  ; ii.  365 
Synovial  capsule,  i,  189.  — membranes,!. 
12,  68 

Syntonin,  or  fibidn  of  muscle,  i.  82.  Origin 
of,  ii.  290,  544 

Systole  of  ventricles,  ii.  204  (see  Heart) 


rPABLES  showing : — 

(1)  Analysis  of  1000  parts  of  blood,  i. 
90.  (2)  Animal  functions,  i.  117.  (3) 

Cranial  nerves  and  their  functions,  i. 
331.  (4)  Analysis  of  azotised  substances, 
i.  98.  (5)  Analysis  of  organic  proxi- 
mate constituents,  i.  96.  (6)  Measure- 
ments of  eyeball,  i.  544,  (7)  Quantities 
of  water,  chloride  of  sodium,  and  phos- 
phate of  lime  contained  in  1000  parts  of 
certain  tissues,  fluids,  &c.,  of  the  body, 

i.  94.  (S)  Senses,  i.  437.  (9)  Size  of 

red  blood  corpuscles  in  animals,  i.  77. 
(10)  Size  of  structural  elements  of  tis- 
sues, i.  77.  (11)  Specific  gravity  of 

certain  animal  fluids  and  tissues,  i.  78. 
(12)  Ultimate  chemical  elements  of 
body,  i.  100.  (13)  Analysis  of  organic 

proximate  constituents  of  vegetable  food, 

ii.  8.  (14)  Analyses  of  food,  ii.  115. 

(15)  Length  of  intestines  in  different 
animals,  ii.  133.  (16)  Circumference  of 

aui'iculo-ventricular  and  arterial  open- 
ings, ii.  193.  (17)  Sounds  and  move- 

ments of  the  heart,  ii.  212.  (18)  Com- 
position of  milk  in  woman,  the  cow, 
goat,  sheep,  ass,  and  mare,ii.  362.  (19) 

Daily  quantity  of  constituents  of  urine 
for  lib.  w’eight  of  body  substance  in  a 
man  of  1451bs.  weight  (Parkes),  ii.  376. 
(20)  Composition  of  100  parts  of  solid 
constituents  of  urine  (Lehmann),  ii. 
376.  (21)  Air  used  in  respiration,  ii. 
433.  (22)  Percentage  composition,  in 

volumes  of  air,  before  and  after  it  has 
been  o.icc  breathed,  ii.438.  (23)  Oxygen 
and  Carbonic  acid  in  venousand  arterial 
blood,  ii.  451.  (24)  "Weights  of  the  va- 
rious parts  and  organs  of  the  body,  ii. 
533.  (25)  Proportions  of  proximate 

constituents  of  body,  ii.  534.  (26) 

Daily  food  of  adult  man  in  ounces,  ii. 
536.  (27)  Relations  between  proximate 
constituents  of  food  and  those  of  body, 
ii.  537.  (28)  Daily  Ingesta  and  their 

Composition,  ii,  539.  (29)  Daily  Egesta 

and  their  composition,  ii.  539.  (30) 

Various  daily  dietaries  (Playfair),  ii. 
;563.  (31)  Dietaries  under  different  con- 
ditions of  rest  and  exercise  (Playfair), 
ii.  563.  (32)  Value  of  food,  as  a soimoe 

of  motor  power  (Frankland),  ii,  575 

Tachometer,  ii.  228 

Tactile  coi'puscles  or  axile  bodies,  i.  454. 

Tadpole  of  frog,  circulation  in,  ii.  269. 
— newt,  circulation  in,  ii.  269,  270 ; 
respiration  in,  ii.  497 
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Tfenia,  reproduction  of,  ii.  580.  Ova  of, 
ii.  601 

Tartar  of  teeth,  ii.  58 
Taste,  after  impressions,  i.  482.  Charac- 
ter of  sense  of,  i.  479.  Conditions  of 
exercise  of  sense  of,  i.  478, 481.  Organ  of, 

i.  474.  Nerves  of,  i.  31o,  316,  477,  478. 
Sense  of,  i.  474,  477.  Subjective  impres- 
sions, i.  482.  Without  sapidit3%  i.  481. 
In  animals,  i.  483,  484. 

Taurin,  i.  85  ; ii.  76. 

Tam'o-chenolic  acid,  ii.  77. 

Taurocholic  acid,  i.  85  ; ii.  76. 

Tears,  i.  530. 

Teeth,  i.  110.  Formulje  of  milk  and  per- 
manent, ii.  12.  Description  of,  ii.  13- 
15.  Milk,  ii.  12,  14,  15;  peculiar  to 
Mammalia,  ii.  119.  Permanent,  ii.  12- 
14.  Structure  of,  ii.  15-18.  Periud  of 
eruption  of,  ii.  18-21.  Use  of  the  dif- 
ferent, ii.  22.  Canine,  ii.  13.  Incisor, 

ii.  13.  Bicuspid  ii.  13.  Molar,  ii.  13. 
Pulp  of,  ii.  15.  Peculiar  to  Yertebrata, 
ii.  119.  Of  Mammalia,  ii.  119,  120  : de- 
velopment of,  ii.  629  ; influence  of  sex 
on  size  of,  ii.  122.  In  Keptiles,  ii.  123, 
124.  Amphibia,  ii.  124.  Fishes,  ii.  124- 

126.  Denticles  of  Non-vertebrata,  ii. 

127,  128.  Absent  in  Manis  and  the 
Mjnnnecophaga,  ii.  120  ; in  Echidna,  ii. 
120  ; in  Birds,  ii.  119, 123.  Development 
of,  ii.  627,  629.  Tissues,  development 
ii.  660 

Temperature,  sense  of,  i.  459,  467.  Of 
body,  &c.  {see  Heat)  Of  animals,  ii. 
503  {see  Heat) 

Tendons,  i.  13 
Tentorium,  i.  21 

Testis,  ii.  589.  Development  of,  ii.  632 
Tetanus,  i.  157 

Textures  in  the  tongue  and  larynx  of  a 
sheep,  i.  39.  Of  the  body,  i.  38 
Thalamus  opticus,  i.  304 
Thallogens,  i,  140 
Thaumatrope  or  stroboscope,  i.  5S3 
Thebesius,  valve  of,  ii.  189 
Thermal  sensations,  i.  467 
Thirst,  i.  443 

Thoracic  duct,  i.  31 , 111.  Description  of, 
it  154,  155.  In  Birds,  two,  ii,  186 
Thorax,  i.  27.  Capacity  of,  ii.  432.  In 
Mammalia,  ii.  488.  Birds,  ii.  488,  489. 
Beptiles,  ii.  49 1 . Amphibia,  ii.  491 
Thymus  gland,  i.  74,  113.  Description, 
ii.  329.  Punction,  ii.  330,  331.  In 
animals,  ii.  343.  Development  of,  ii. 
631,  658 

Thyroid  body,  i.  74,  113.  Description  of, 
ii.  327.  Groitrous  enlargement,  ii.  32^7, 
328.  Function,  ii.  328.  In  animals,  li. 
342.  Development  of,  ii,  631 , 658 
Thyroid  cartilage,  i.  250 
Tidal  air,  ii.  432,  433 
Timbales,  i,  271 

Ti?^UES.  Chemical  composition  of,  i.  87. 
Microscopic  structure,  i.  42  ; absorbent, 
i.  65 ; ii.  658  ; adipose  or  fat,  i.  45  ; ii. 
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647  ; areolar,  i.  42  ; ii.  646,  663 ; blood, 

i.  62  ; ii.  657  ; bloodvessels,  i.  57  ; ii.  656, 
663  ; cartilage,  i.  45;  ii.  648,  652.  663; 
connective,  i.  42 ; ii.  646,  663  ; dental,  ii. 
15,  16,  17,  628,  660  ; elastic,  i.  44;  ii. 
647 ; epidermic,  i.  72;  ii.  659.  663  ; epi- 
thelial, i.  72  ; ii.  659,  663;  fibres,  plain 
muacle,  i.  48 ; ii.  654, 663  ; fibres,  striped 
muscle,  i.  49 ; ii.  654,  663 ; fibro-carti- 
lage,  i.  45 ; ii.  648 ; fibrous  tissue,  i.  43  ; 
glands,  i.  68 ; ii.  659 ; lacceals,  i.  67 ; 
lymphatics,  i.  66  ; ii.  658 ; marrow,  i.  45 ; 

ii.  649  ; mucous  membranes,  i.  69 ; mus- 
cular tissue,  i.  48 ; ii.  654,  663  ; nervous 
tissue,  i.  52 ; ii.  655,  663  ; non-vascular 
tissues,  i.  62,  72 ; osseous  tissue  or  bone, 
i.  46  ; ii.  648,  663  ; secreting  membranes, 
i.  68 ; skin,  i.  68  ; ii.  618  ; serous  mem- 
branes, i.  68 ; synovial  membranes,  i. 
68 ; yellow  cartilage,  i.  45 ; U,  64$. 
Physical  properties,  i.  79  ; development 
of  {see  Development) ; reparation  of  {see 
Beparation).  Size  of  structural  elements 
of,  i.  76  (Table).  Specific  gravity  of,  i. 
78.  Structural  elements  of,  i.  75,  Blas- 
tema or  matrix,  crystals,  granules, 
homogeneous  or  structureless  mem- 
brane, nuclei,  nucleated  cells,  simple 
fibres,  nucleated  fibres,  compound  fibres, 
tubes,  vesicles,  protoplasm,  i.  75.  Vital 
properties,  i.  101.  All  are  extra-v^u- 
lar,  ii.  279. 

Tone  of  voice,  nasal,  i.  262.  — veiled,  i. 
263 

Tongue,  nerves  of,  i.  477.  Papilbe  of, 

i.  475.  Parts  of,  i,  474.  Structure  of, 

ii.  25,  26.  Use  of,  in  mastication,  ii.  25  ; 
in  deglutition,  ii.  29.  Closed  sacs  of.  ii. 
331.  In  Birds,  i.  245, 246.  In  Gasteropoda, 
ii.  127 

Tongued  instruments,  i.  253-255 
Tonicity  of  muscle,  i.  162,  351 
Tonsils,  i.  26  ; ii,  27.  Present  in  Mam- 
malia, ii,  129.  Closed  sacs  of,  ii.  331 
Torpedoes,  electrical,  ii.  528-531 
Touch,  as  the  tactile  sense,  L 459.  After 
sensations  of,  i.  465.  Delicacy  in  differ- 
ent parts  of  the  body,  i.  4<>1.  Education 
of,  i.  466.  Hallucinations  connecred. 
with.  i.  467.  In  ormation  conveyed  by 
the  sense  of,  i.  459,  465.  Organ  of.  i. 
449.  Sensation  excited  by  internal 
causes,  i.  466.  Sense  of,  i.  449.  Sense 
and  organs  in  Animals,  i.  471-474 
Trachea,  i.  26 ; ii.  404-406.  Of  Insects, 
ii.  403.  495 
Trance,  ii.  669 

Transformation  {see  Metamorphosis) 
Transfusion  of  blood,  ii.  298 
Tri:eminal  or  trifacial  nerve,  i.  314.  332, 
Third  division,  lingual  or  gustatory 
nerve,  i.  315.  316,  477.  478 
Trochlear  joints,  i.  190.  Nerve,  i.  314, 332 
Trommer's  test  for  sugar,  ii.  390 
Trunk,  i.  7 

Tube.  Eustachian,  ii.  502,  516.  Fallopian, 
ii.  598 
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Tubnli  uriniferi,  ii.  368.  In  animals,  ii. 
392.  393 

Tulp,  Talve  of,  ii.  48 
Tumours,  ii.  285 

Tuiiicata.  amyloid  substance  in,  ii.  335 
Tympanum  or  middle  ear.  i.  501.  Muscles 
of,  i.  504, 517.  Ossicles  of,  i.  502.  — and 
its  bone^,  development  of,  ii.  624,  625 
Types  of  form  in  animal  series,  i.  133. 
Annuloid  type,  i.  135.  Annulose  t\pe, 
i.  133.  Ccelenterate  type.  i.  135.  Mol- 
luscoid  tjpe,  i.  135.  Molluscous  type,  i. 
133.  Pri'tozoic  type,  i.  135.  Verte- 
brate type,  i.  133 
Typhlosole  of  Annelida,  ii.  141 
Tyru&in,  i.  85 


TTLCER,  ii.  286 
^ Ulceration,  ii.  185,  286 
Ultimate  chemical  constituents  of  the 
body,  i.  04.  Table  of  elements,  i.  100  ^ 
Ultinium  morieus,  i.  163  ; — and  primum 
vivens,  ii.  307 

Umbilical  vesicle,  ii.  609,610,  626.  Arteries, 
ii.  611,  614,  635,  639.  Opening,  ii.  611. 
Cord,  ii.  614.  Vessels,  ii.  611.  Vein,  ii. 
614,  635,  639 

Unity  in  variety  in  animals,  i.  138 
Upper  limb  of  man,  adaptations,  i.  239. 

t>tructure  of,  i.  240 
Urachus,  ii.  611.,  631 
Uraemic  poisoning,  ii.  379 
Urt  a,  i.  85 ; ii.  376, 377.  Mode  in  which  it  is 
obtained,  ii.  376,  377.  Sources  of,  ii.  377, 
378.  Effect  of  retention  of,  ii.  379. 
Quantity  excreted,  ii.  377,  378,  379. 
Excretion  of,  increased,  ii.  379.  As  a 
measure  of  work,  ii.  565.  Not  dependent 
on  exercise,  ii.  568,  571.  Dependent  on 
food,  ii.  568,  571.  Source  of,  ii.  544,  545. 
Increased  by  food  more  than  by  exercise, 
ii.  546.  Relation  to  mental  work,  ii.  566, 
578 

"Ureters,  i.  31  ; ii.  366.  Effect  of  ligature 
of,  on  blood,  ii.  373 

Uric  acid,  i.  85;  ii.  379.  How  obtained, 
ii.  380.  Quantity"  diminished,  ii.  381 ; 
excreted,  ii.  380,  381.  Quantity  increasd, 
ii.  381.  Excreted  by  Reptiles,  ii.  380; 
by  Birds,  ii,  380  ; by  Mollusca  and  An- 
nulosa,  ii.  394  ; in  chalk  stones,  ii.  381. 
Calculi,  ii.  387 

Urina  poths,  ii.  375.  — cibi  vel  chyli,  ii. 

375.  — sanguinis,  ii.  375 
Urinary  bladder,  inversion  of,  ii.  373,  374. 
Structure  of,  ii.  374 

Urinary  organs,  Development  of,  ii.  631 
Urine,  ii.  374.  Casts  in,  ii.  373.  Albu- 
minous, ii.  373,  389,  390.  Passage  of, 
from  kidneys  to  bladder,  ii.  373,  374. 
Excretion  of.  rapid  and  constant, ii.  373, 

374.  Influence  of  nervous  system  on  ex- 
cretion of,  ii.  374.  Daily  quantity  ex- 
creted, ii.  374.  Partly  solid  in  Birds  and 
Reptiles,  ii.  372,  In  Bright’s  disease,  ii. 

375.  In  diabetes  mellitus,  ii,  375.  Re- 


VEI 

action  of,  ii.  375,  383,  3S4.  Composition 
of,  ii.  375,  376.  Water  of,  ii.  376.  Urea 
(see  Urea).  Uric  acid  (see  Uric  acid). 
Hippuric  acid,  ii.  381,  382.  Creatin  and 
creatinin,  ii.  382,  383.  Uro-hsematin  or 
colouring  substance,  ii.  383.  Extractive 
matters,  ii.  383.  Lactic  acid.  ii.  383. 
Oxalic  acid,  ii.  384.  Salts,  ii.  385.  Sedi- 
ments, ii.  385.  386.  Calculi,  ii.  386,  387. 
Substances  which  enter  it  unchanged, 
ii.  387.  Alkaline  in  Herbivora.  ii.  387, 
388.  Most  substances  enter  it  changed, 
ii.  387.  Rapidity  with  which  soluble 
substances  pass  into,  ii.  389.  Bile  in, 
ii.  389.  Sugar  in,  ii.  389.  Albumen  m, 
ii.  389,  390  ; bow  produced,  ii.  390 ; in 
Bright’s  disea.se,  ii.  390  ; how  detected, 
ii.390.  The  most  complex  animal  ex- 
cretion, ii.  391 

Uro-geuital  sinus,  ii.  611,  631 
Uro-h£ematiu.  ii.  383 
Uropygii  glanduJte,  of  Birds,  ii.  396 
Uterus,  ii.  598.  Venous  sinuses  of,  ii.  615. 

A'arious  forms  of,  ii.  633 
Utricle,  primordial,  ii.  642 
Uvula,  i.  26  ; ii.  27.  Absent  in  animals, 
except  in  higher  Quadxumana,  ii.  129 


T7"AGrI  nerves  (see  Pneumogastric  nerves) 

’ Valsalva,  Sinuses  of,  ii.  193,  194 
Valve  of  Thebesius,  ii.  189.  Eustachian, 
ii.  189.  Tricuspid,  ii.  191.  Semi-lunar, 
ii.  192, 194,  Mitral  or  bicuspid,  ii.  i94. 
Ileo-cfecal,  ii.  48.  Absent  in  Monotre- 
mata,  ii.  134  ; — some  Edentata,  ii.  134 ; 
— certain  Cheiroptera,  ii.  134 ; — Ce- 
tacea, ii.  134;  — Birds,  ii.  136.  Indis- 
tinct or  absent  in  Amphibia,  ii.  138.  No 
distinct,  in  Fishes,  ii.  138.  Of  Tulp  or 
Bauhin,  ii.  48.  Of  veins  (see  Veins). 
Of  lymphatics  (see  Lymphatics) 

Valvuije  conniventes,  ii. 

Varicose  veins,  ii.  254 

Vasa  serosa,  ii.  242.  — vasorum  of  arteries, 

i.  68 ; — of  veins,  i.  59 
Vascular  glands  (see  Ductless  glands) 
Vasi-motor  nerves,  influence  of,  i.  389 
Vaso-dentine  in  the  Fish,  ii.  125 
Vegetable  albumen,  i.4, 8.  — cells,!.  141 ; 

ii.  (i41 . — Kingdom,  general  outlines,  i. 
139.  — motion, i.  183.  — textures,  i.  141. 

Vegetative  functions,  i.  110  ; ii.  1 ; nutri- 
tive, i.  110  ; reproductive,  i.  117. 

Vlins,  i.  18,  111.  Circulation  through,  ii. 
247-257  ; systemic,  ii.  248  ; pulmonary, 
ii.  248 ; causes  of,  ii.  248-250 ; muscular 
pressure  aios,  ii.  250,  251  ; respiratory 
movements  aid,  ii.  251,  252  ; valves,  ii. 
250,  252,  253.  Diverticular  action  of,  ii. 
250.  Rhythmic  contractions  in,  ii.  250, 
Effects  of  gravity  on  circulation  in,  ii. 
253,  254.  Varicose,  ii.  254.  Rate  of 
motion  of  blood  in,  ii.  254;  increases 
near  the  heart,  ii.  254.  255.  Disturbing 
causes  of,  ii.  255.  Valves  of,  i.  69  ; ab- 
sent in  portal,  ii,  2j5  ; and  in  hepatic. 
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ii.  255  ; in  cranium,  ii.  255  ; in  lungs,  ii. 
257.  In  Birds,  ii.  255.  In  Fi.-hes,  ii. 
268.  Introduction  of  air  into,  fatal,  ii. 
299,  Structure  of,  i.  58.  Development 
of,  ii.  656.  Cardinal  or  primitive,  ii. 
637.  Umbilical,  ii.  614,  635, 689.  In- 
terlobular, ii.  72.  Sublobular,  ii.  72. 
Intralobular,  ii.  72 

Vena  cava,  superior  i.  29  ; ii.  265  ; double 
in  some  animals, ii.  265.  Inferior,!.  29, 31 
Venaportfe,  ii.  69.  Development  of,  ii.  635 
Venous  absorption,  ii.  168-171.  — blood, 
i.  90  {see  Blood).  — heart  in  eel,  ii.  268 
Ventricle  of  cerebellum,  i.  308.  Irritation 
of  floor  of  fourth,  produces  diabetes,  i. 
356,  394  ; ii.  340,  341 

Ventricles  of  the  cerebrum,  i.  299,  306. 

— of  heart,  ii.  190, 193 
Ventriculus  buibosus  in  Birds,  ii.  135. 

— succenturiatus  in  Birds,  ii.  135 
Ventriloquism,  i.  268 

Vermicular  or  peristaltic  contraction,  i. 
160  ; ii.  44,  45 

Vermiform  appendix,  i.  33*;  ii.  46.  Exists 
in  the  ape,  gibbon,  and  wombat,  ii.  134 
Vermiform  processes  of  cerebellum,  i.  3o7 
Vertebrte,  i.  21.  Development  of,  ii.  615 
Vertebral  column,  i.  7.  Adaptations  to 
erect  posture,  i.  211 
Vertebral  groove,  ii.  606,  608 
Veitebral  plates,  ii.  60S 
Vertebrata.  Characters  and  Classes,  i. 
121,  124.  Placental,  ii.  613.  Impla- 
o*ntal,  ii.  613.  Warm-blooded,  i.  125. 
Cold-blooded,  i.  125.  Abranchiate,  i. 
125.  Branchiate,  i.  125.  Pulmonated 
or  ail-breathing,  ii.  204.  Warm- 
blooded, ii.  264.  Cold-blooded,  ii.  204. 
Branchiated  or  water-breathing,  ii. 
264.  Touch,  i.  471-474.  Taste,  i.  483, 
484.  Smell,  i.  496.  Hearing,  i.  522- 
524.  Sight,  i.  597-G03.  Locomotion 
on  solids,  i.  218-225 ; in  fluids,  i.  228- 
233 ; in  air,  i.  234-239.  Voice,  i.  269- 
271.  Encephalon,  i.  405,  406.  Cere- 
brum, i.  406-413.  Cerebellum,  i.  413, 
414.  Pons  Varol,  i.  414.  3Iednlla 
oblongata,  i.  414.  Spinal  cord,  i.  415. 
Cranial  and  spinal  nerves,  i.  416.  Sym- 
pathetic nervous  system,  i.  416.  Pre- 
hension, i.  244-246.  Nervous  actions,  i. 
417—419.  Cerebral  lobes,  i.  412.  Olfac- 
tory lobes,  i.  412.  Optic  lobes,  i.  412. 
Blood  glauds,  ii.  342.  Integument,  i. 
473.  Nervous  system,  i.  403—419.  Cir- 
culation, ii.  264-271.  Kidneys,  ii.  391- 
394.  Blood  corpuscles,  quantity  of,  ii. 
518.  Organs  of  digestion,  ii.  130-139. 
Digestive  glands,  ii.  128,  143, 144,  145- 
148.  Respiration  in,  ii.  488-494,  497- 
499.  Pharynx,  ii.  129, 130.  Stomach  and 
intestines,  ii.  130-139.  Gastric  glands, 
ii.  143.  Liver,  ii.  143, 144.  Gall-bladder, 
ii.  145,  146.  Pancreas,  ii.  146,  147. 
Prehension  of  food,  ii.  117, 118.  Teeth, 
ii.  119-126.  Jaws,  ii.  126,  127.  Sali- 
vary glands,  ii.  128 
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Vertebrate  skeleton,  development  of,  ii. 
653 

Vertigo,  i.  442 

Vesicle,  germinal  of  Purkinie,  ii.  590,  592, 
593.  Blastodermic,  ii.'603.  Umbilical, 
ii.  609,  610.  Auditory,  ii.  622.  Graa- 
fian, ii.  597.  Optic  or  ocular,  ii.  621. 
Cerebral,  ii.  616,  619 
Vesicular  respiratory  murmurs,  ii.  426 
Vessels  and  Nerves,  General  position  of, 

i.  18 

Vessels  (5^e  Bloodvessels  and  Lymphatics) 
Vestibule  of  labyrinth  of  ear,  i.  506,  519 
Vibrations  of  solid  bodies,  i.  252 
Villi,  intestinal,  ii.  44.  Structure  of,  ii. 
157, 158.  In  both  small  and  large  in- 
testines in  Birds,  ii.  137.  — of  chorion, 

ii.  599,  612 

Visinsita,  i.  101,156,173.  — musculosa,i. 

101,  156, 173.  — nervosa,  i.  lo2,  291 
Visceral  plates,  arches,  and  clefts,  ii.  624 
Vision,  double,  i.  576,  577.  Field  of,  i. 
572.  Of  objects  in  erect  position,  i.  571. 
Range  of,  i.  563.  Single,  i.  579.  With 
two  eyes,  i.  575.  In  animals,  i.  598- 
607 

Vital  action  or  Life,  i.  105.  — capacity  of 
the  chest,  ii.  432—435  ; how  modified,  ii. 
434,435.  — force,  i.  105, 291.  — knot,  i. 
354 ; ii.  428.  — properties  of  tissues,  i. 
101;  contractilitj’,  i.  loi,  156;  sensi- 
bility, i.  101 ; formative  property,  i. 
102;  uses  of,  i.  105.  — stimuli,  i.  104,  157. 
— contractility,  i.  101 
Vitalitj’,  i.  105.  — of  the  blood,  ii.  299 
Vitellin,  i.  81 

Vitelline  membrane,  ii.  590.  596.  Duct, 
ii.  609,  610.  Arteries  and  veins,  ii.  634. 
Ciecum,  ii.  610 
Vitellus,  or  yolk,  ii.  590 
Vitreous  humour,  i,  542,  555  ; ii.  622 
Vitro-deiitiue,  ii.  125 

Vocal  apparatus  in  man,  i.  259.  Cords,  i. 
25‘> ; superior  or  false,  i.  25o ; true,  i.  251. 
Vibratory  action  of,  i.  255.  Fremitus, 
ii.  427,  Resonance,  ii.  427 
Voice  and  Speech,  i.  248.  In  Wan,  org.ins 
of,  i.  248.  Modification  of,  i.  261.  Per- 
sonal quality,  i.  262.  Quality  or  timbre, 

i.  260.  Strength,  i.  261.  Vjmeties,  i. 
260.  Production  and  charactei*s,  i.  255. 
In  animals,  i.  269-272 

Volition,  seat  of,  i.  339 
Voluntary  motion,  i.  381 
Vomiting,  ii.  50-53.  An  antiperistaltic 
act,  ii.  50.  Contraction  of  stomach  in, 

ii.  50.  Antiperistaltic  action  of  oeso])ha- 
gns  in.  ii.  51.  Influence  of  abnominal 
muscles  in.  ii.  51,  52.  A reflex  act,  ii. 
52.  Cerebral,  ii.  53.  From  emotional 
causes,  ii.  52 

Vowel  sounds,  i.  266 


TVALKING,  act  of,  i.  214 
' ’ Want  of  breath,  i.  446  ; ii,  427 
Warm-blooded  Animals  (^t-e  Animals) 
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^VAT 

Water,  use  of  in  sj-stem,  ii.  ol5.  Destina- 
tion of  in  body,ii.  540.  Constitutional, 
ii.  515.  Formation  of  in  body,  ii.  514. 
As  a constituent  of  the  body,  i.  ’d'l. 
Importance  of -pnr^.  ii.  4>^7,  488 
Water-bag  of  lluininants,  ii.  I -JO 
Water-cells  of  paunch  in  camel  tribe,  ii. 
1 30 

Water-vessels  of  Entozoa,  ii.  497.  — of 
Rotifera,  ii.  274.  — of  Scolecida,  i.  129 
Weight  of  body,  ii.  533.  At  birth,  ii.  604. 
— of  Organs  of  the  body,  ii.  534  ; effect 
of  starvation  on,  ii.  548 
Whartonian  duct,  ii.  55 
Whey,  ii.  359 
"Whispering,  i.  2GG 
Whistling,  i.  208  ; ii  430 
White  subvStance  of  brain,  composition  of, 
i.  87. 

Will,  i.  3G7,  371, 374,  375,  379,  380 
Wind-instruments,  i.  253 
Wind-pipe,  i.  26,  115  ; ii.  404—406 
Winking,  i,  530 
Wirsung,  canal  of,  h.  78 
Wolffian  bodies,  ii.  611,  631 
Work,  daily  of  man,  ii.  559  ; of  horse,  ii. 
559,  564  ; of  ox,  ii.  564  ; compai'ed  with 
steam-engine,  ii.  560.  Modes  of,  in  re- 
lation to  food,  ii.  561.  Electric,  ii.  555, 
577,  Photic,  ii.  555.  Nutritive  or  as- 


ZOO 

similative,  ii.  555,  576.  Mental,  ii.  555, 
578.  Mechanical,  ii.  555,  559,  561  ; 
transfoiTiied  into  heat,  ii.  575.  Nervo- 
muscular,  ii.  555,  578.  Calorific,  ii. 
555,  55S,  561.^  "S^arieties  of  in  body,  ii. 
555 

Worms,  heat  of.  ii.  503 
Wounds,  healing  of,  ii.  287 


^ANTHIN,  i.  S5 


yawning,  i.  383  ; ii.  431 
A Yellow  cartilage,  i.  46  ; development 
of,  ii.  648 

Yellow  spot  of  the  eye,  i.  540  ; ii.  623 
Yolk.  ii.  590,  593.  — sac,  ii.  590.626  ; of 

birds,  ii.  610.  Cleavage  or  segmenta- 
tion of,  ii.  603.  Formative  and  nutri- 
tive, ii.  591,  593.  Germ-  and  food-,  ii. 
592,  593,  597.  — vesicles,  ii.  597. 


70-AMYLINE,  ii.  335 
^ Zona  pellucida,  ii.  591 , 599 
Zoological  Anatomy,  objects  of,  i.  118, 
Physiology,  objects  of,  i.  118 
Zoo-sperms,  ii.  590 


THE  END. 
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